



ew KR © PEA 






A CAHNERS PUBLICATION 


February 4, 1993 


ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS WORLDWIDE 


Million-line 
programs: Staying 
afloat in high 


software seas 
pg 78 


Special Report: 
Managing million-lin 
programs 

EDN’s Hands-On 
VHDL Project 


DESIGN FEATURE 





Getting the 
most out of 
redundant arrays 


of inexpensive 


disks 
pg 109 





External power 
supplies enhance 
system design 
options 

pg 39 


Boost 

f programmable 
logic performance 
with timing- 
driven tools 

pg 47 


Design Ideas 
pg 121 








The Software is the Instrument 
..e ou Choose the Computer 


[NEW LabVIEW for Windows 


LabWindows for DOS (MY) LabVIEW for Sun 
LabVIEW for Macintosh 





ACQUISITION 


Initialize and configure scope. = 















tek2400 read waveform U1. wauel. ddelta ti. &trig posi) 
tek2400 read waveform (2, vavez, Qdielta_t2, &trig_pesZ) 


GPIB ¢ Data Acquisition ¢ VXI ¢ RS-232 ¢ Instrument Drivers 


ANALYSIS 


Fite Edit Operate Controls functions Windows Tools Oo Be | 
FSS TA Pone| Le; =| Gabor Spectragram Bispiag 
: t: row: 0 pixel value: | 


Spectragrem Bispta 


row: 9 pixel velue: | 


efine Band 


DSP « Statistics ¢ Linear Algebra © Filters © Windows 
PRESENTATION 


Instrument Dop-on- lest Log-to-D q 


‘ahlindeus Instrumentation Systen 


ae Wraterial Spectrum 
File Edit Operate Controls Windows 
Mca os er] « PNEDIPa 


Waveform Analysis 


seam CR f 


| Zeen In 





; Zon Bat 


Geplicsl cer interace e Hard Copy ® File I/O 


C and BASIC Programming 


Graphical Programming 









Call for FREE demo disks f NATIONAL 
(800) 433-3488 (U.S. and Canada) INSTRUMENTS° 


The Software is the Instrument ® 





Branch Offices: Australia 03 879 9422 Belgium 02 757 00 20 ¢ Canada 519 622 9310 


Denmark 45 76 73 22 ¢ Finland 90 524566 ¢ France 1 48 65 33 70 * Germany 089 714 50 93 6504 Bridge Point Parkway 


Italy 02 48301892 « Japan 03 3788 1921 ¢ Netherlands 01720 45761 * Norway 03846866 Austin, TX 78730-5039 
Spain 91 896 0675 * Sweden 08 984970 ¢ Switzerland 056 27 00 20 « U.K. 0635 523545 Tel: (512) 794-0100 

© Copyright 1992 National Instruments Corporation. All rights reserved. Product and ch ° 

company names listed are trademarks or trade names of their respective companies. Fax: (512) 794-8411 


See us at Nepcon West, booth 4722 CIRCLE NO. 124 See us at Southcon, booth 2007 


SERVE 


A COMPANY OF 





TED WE 


UNI 





SYSTEMS 


LL 
O 
s 
Zz 
og 
ou 
m 
O 
O 
<x 


RESISTIVE 





® 





in SPRAGUE 


A COMPANY OF 





Roederste 


S HA Y 


A COMPANY OF 











Circle No. 1 


Engineers Demand Service. 
At Digi-Key, They Get ft! 


The EE Times “Engineering & Distribution Survey” (July 27, 1992) 
measured engineers’ assessments of their distributors on a wide range 
of criteria related to customer service and technical support. 


Distributors were rated from 6 (excellent) to 1 (poor) by customers or 
engineering managers very familiar with the distributor. The tables 
below reflect the percentage who rated these distributors as 


“excellent” (6) or “very good’ (5) in each category. 


Out of more than 1,500 distributors in the United States, Digi-Key 
stands head and shoulders above the competition—an incredible 30 to 
40 percentage points ahead of the pack. When it comes to Availability 
of Product, Delivery, and Overall Performance, Digi-Key ranks... 


#1 
AVAILABILITY 
OF PRODUCT 


Wyle Labs......0.000. 7.1% 


Hall-Mark ............- 41.8% 
Hamilton/Avnet ...40.6% 
Marshall ......000ss:00. 39.0% 
Pioneer/Standard ...35.2% 
AALTOW vw accnnnesccnnsscens 30.3% 


wf 
95 o 

OF THE ITEMS IN THE 
DIGI-KEY CATALOG ARE "IN-STOCK!" 


* Catalog distributors 


#1 


eo) a = 
DELIVERY 


Pioneer/Standard ...44.2% 


Hall-Mark .......:.+. 43.4% 
Marshall ....:0ss000000 42.4% 
Newarlc® ....cccssss00: 40.4% 
Wyle Labs.........+++. 38.5% 
AAFTOW wccucscncncnccscnen 37.9% 


Hamilton/Avnet «233.9% 


Of | 
99% 

OF ALL ORDERS ARE 
SHIPPED WITHIN 24 HOURS! 


* Catalog distributors 


#1 
OVERALL 
PERFORMANCE 


wf 

100 & 
COMMITMENT TO 

CUSTOMER SATISFACTION! 


* Catalog distributors 
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Put These Numbers to Work for You! 


For all your electronic component needs and YOUR FREE catalog, call, write or fax today! _ 
701 Brooks Ave. South, Thief River Falls, MN 56701 Toll Free: 1-800-344-4539, Fax: 218-681-3380 


SPDT switches with built-in driver 
ABSORPTIVE or REFLECTIVE dc to 5GHz 


Truly incredible...superfast S3nsec GaAs SPDT reflective or absorptive SPECIFICATIONS — absorptive SPDT 


switches with built-in driver, available in pc plug-in or SMA connector models, (typ) 
from only $14.95. So why bother designing and building a driver interface to 
further complicate your subsystem and take added space when on can 





YSWA-2-50DR 
ZYSWA-2-50DR 


Frequency dc- 500- 2000- 
specify Mini-Circuits’ latest innovative integrated components? (MHz) 500 2000 5000 
Check the outstanding performance of these Ins. Loss (dB) TA 44 AG 
units...high isolation, excellent return loss (even in the Isolation (dB) 420 BA 20 
“off” state for absorptive models) and 3-sigma 1dB Comp. (dBm) 18 20 22.5 
guaranteed unit-to-unit repeatability for insertion loss. RF Input (max dBm) ——~ 20 —— 
0 VSWR “on 1256-1365 
These rugged devices operate over a -55° to video Bahr. 30 30 30 
+100°C span. Plug-in models are housed in a tiny (mV.p/p) 
plastic case and are available in tape-and-reel format Sw. Spd. (nsec) 3 3 3 





(1500 units max, 24mm). All models are available for , Price, $ 
immediate delivery with a one-year guarantee. finding new ways (1-9 qty) 


ses Standards 


YSWA-2-50DR (pin) 23.95 





Reflective SPDT 
YSW-2-50DR 
ZYSW-2-50DR 


dc- 500- 2000- 
500 2000 5000 


50 40 28 
20 20 24 
22 22 26 
1.4 1.4 1.4 
30 30 30 
3 3 3 


YSW-2-50DR (pin) $14.95 


ZYSWA-2-50DR (SMA) 69.95 | ZYSW-2-50DR (SMA) 59.95 
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SPECIAL REPORT 


Staying afloat in high software seas 


Million-line software projects differ from small ones, 
and not just in line count for code and head count for the 78 
development team. You need additional tools and a new 

set of rules.—John C Napier, Technical Editor 









SPECIAL PROJECT 


when programming millions of lines of EDN Hands-On VHDL Design Project 


code; big software projects often de- 





On the cover: You can’t play games 


@,¢@ 
mand many different tools and lots of Writing the Code 
personnel. Bringing your project to suc- : 
cessful completion requires the right Having selected the Z80, and with the design center 4 
tools, knowledge, and more than a little set up, the author begins to write the model. 9 
organization. (Photo courtesy Hewlett- —Michael C Markowitz, Editor, EDN Asia 


Packard’s Software Engineering Sys- 
SE MNES es a ee PAGE 78 









Getting the most out of a : 


redundant arrays of inexpensive disks 


Large databases demand fault tolerance. Redundant 
arrays of inexpensive disks (RAIDs) can deliver, but 109 
first you’ve got to choose an architecture. 

—John McBride, Hewlett-Packard Co 


Foldout Contents 
Turn to the last information-retrieval 
service card in the back of this 
magazine and you'll find a foldout 
table of contents. Now, instead of flip- 


ping back and forth from this table of 
_ contents to the article: ant t 
feat: youcantavetnecomenen External power supplies FECHNOLOGY UPDATE 


foldout open at all times while you’re 


"reading EDN. Use the foldout con- enhance system design options 
tents to mark off articles you’d like 
your colleagues to read or to remind © External power supplies are being accepted as the 3 9 


yourself to copy stories for your files. primary power source for a variety of advanced prod- 
ucts.—Tom Ormond, Senior Technical Editor 


Continued on page 7 
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[wo new ways to 


build winning products 
for wireless control! 


Power line transceiver chip, RF transceiver chip, 
available in PLCC package. available in SOIC 
package. : 












Distributed control networks that 
communicate over radio frequencies (RF) 
or installed AC power lines offer a dramatic 
benefit: they eliminate costly wiring. But 
in the past they have always demanded design 
compromises. _ 

Introducing the Intellon® family of transceiver chips 
modem boards, and test/development kits--building blocks for RF and power 
line control networks. 

They let you communicate over RF and power lines with fewer 
compromises than ever before, by combining the reliability and 
performance of spread spectrum; the low cost of a highly integrated 

chip design; and the flexibility of Ethernet-like CSMA networking. 
Intellon’s patented Spread Spectrum Carrier™ 
technology is proven in commercial, 
industrial, and residential applications. 
The EIA’s new home automation 
standard, IS-60 (CEBus), specifies 
Intellon’s technology as THE STANDARD 
for power line and RF communication. 
’ And our FCC-approved RF technology 
provides the optimal power density levels in 
the unlicensed 902 to 928 MHz band, for your new 
generation of wireless products. 

For product literature, pricing, and technical data, | me LON 
call Intellon Corporation at (904) 237-7416. Nee 
Intellon is a registered trademark and Spread Spectrum Carrier is trademark of Intellon Corporation. 
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Intellon test/ 
development kits and 
modem boards for RF and 
power line applications. 
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Boost programmable logic MRSA 
performance with timing-driven tools 


The best way to avoid timing problems at the end ofa 4 
design is to use tools and methods from the start that dq 
help you meet your timing constraints.—Doug Conner, 

Technical Editor | 
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Look Who's Talking... 








Choose Your 
Operating System 


PADS is the only software with com- 
plete binary compatibility across the 
major EDA platforms. Simply stated, 
that means all of our systems can 
“talk” with each other—sharing librar- 
ies and databases across a heterog- 
eneous network. 


Protect Your Investment 


Not only can this save a lot of 
WwOFk. It can Save a lot of money. 
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Consider this. With PADS youre 

free to choose the hardware that 
makes sense today—without worry- 
ing about your data becoming Obso- 
lete tomorrow. 


Increase Your Productivity 


Youll have corporate-wide integra- 
tion from the engineer operating on 
the latest workstation to the designer 
using 32-bit DOS. No matter what 
level of performance you require, 
we have a solution. And each oper- 
ates with the same easy-to-learn, 
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intuitive look and feel, and comes 
with our pledge of Quality, Simplicity 
and Service. 


Call 800-554-SALES 


...or your local PADS Preferred Part- 
ner and Start talking business about 
protecting your investment and in- 
creasing productivity. 
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Here today. Here tomorrow. 


| CADweare, Inc: 800-735-4223 ¢« ElectroCAD, Inc.: 800-872-1036 « NUCAD Systems: 800-748-1045 « The CAD T.E.A.M: 800-668-0726 
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A summary and analysis of articles in this issue 


omplexity adds a new dimen- 
sion to any project—whether 


you're working on a massive soft- 
ware program, a microprocessor de- 
sign, or complex-PLD timing prob- 
lems. For example, writing a mil- 
lion-line program isn’t like writing 
a hundred 10,000-line programs, 
says John Napier in this issue’s 
cover story. If you’re part of a team 
writing a really big program, you'll 
find yourself using tools to track 
system requirements, manage 
documentation, link software mod- 
ules, and browse and search code 
modules for a specific type of infor- 
mation, such as classes or function 
names. You'll also need tools just 
to communicate effectively with 
your team members. 

To illustrate these points, John 
describes the efforts behind four re- 
ally big programs: a PC-based CAE 
tool, a workstation-based CAE tool, 
software that runs a warship, and 
software that pilots a commercial 
airliner. 

Mike Markowitz, in part 3 of his 
quest to design the Z80 using 
VHDL (VHSIC Hardware Descrip- 
tion Language), describes creating, 
writing, and debugging the model. 
He had already figured out his mod- 


eling strategy, but had difficulty do-. 


ing what he wanted to do, “How 
do I say something in VHDL so that 
the compiler will understand it, and 
it will match the test pattern? 
Learning VHDL is like learning to 
speak a foreign language. I could 
put together a sentence, but not a 
paragraph.” 

During this stage of the game, 
Mike fell prey to the engineer’s ten- 
dency to look for elegant solutions 
instead of simple ones. For exam- 
ple, an instruction group of ex- 
change operations swaps the con- 
tents of two registers in one clock 
cycle. Mike sweated over finding a 
way for 96 bits to travel over the 
8-bit bus in one clock cycle until 
Steve Leibson pointed out that the 
data didn’t have to move—Mike 





could rename the registers instead. 
Mike—and probably everyone 
else—would like to get better per- 
formance with less effort. Doug 
Conner says that’s what you'll get 
by using timing tools to design 
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In the Special Report, you'll find tools 
that could save you from being over- 
whelmed by your big software projects. 


FPGAs and complex PLDs. Pro- 
grammable-logic timing tools can 
flag timing problems early so you 
can find and resolve these problems 
earlier in a design. Even if these 
tools fail to meet your timing con- 
straints, they'll still flag problems 
so you'll immediately know where 
the trouble is. Currently, most pro- 
grammable-logic design tools are 
not timing-driven, but Doug ex- 
pects more to appear this year. 

In another staff-written story, 
Tom Ormond dispels the notion that 
external power supplies are techni- 
cally inferior to internal supplies 
and only good for consumer prod- 
ucts. As demand increases for 
smaller and lighter products, exter- 
nal supplies are turning up in a vari- 
ety of advanced products. Using ex- 
ternal supplies simplifies a design, 
reduces heat production, and elimi- 
nates a source of hazardous voltage 
and magnetic interference from the 
enclosure. And don’t forget cost. 
External supplies reduce assembly 
and product-development costs, 
and manufacturers can often deliver 
stand-alone power supplies for less 
than an OEM would spend to build 
a supply into its product. 

Julie Anne Schofield 
Senior Associate Editor 
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San Luis Obispo, California 93401 USA 
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The goal of man should not be 
just to meet the standard, 
bet te) keep iam a higher one. 


We cant see the stars by looking down ~ 
at the ground. 

And we can't open new electronic 
frontiers by stopping at the borders of the 
old ones. 

By combining ASIC innovation with 
systems and market expertise, VLSI offers 
you true system-specitic integrated circuits. 

You can reduce your design time. 

You can focus your design efforts on 
product differentiation and desirable user 
features. 

You can reduce product cost or increase 
feature richness or boost system performance. 

And, bottom line, you can cut your time 
to market. 

Whether your market is industrial appli- 
cations, high-performance workstations, 
image processing, military/aerospace, 
consumer electronics, communications, 
or embedded control, we offer you a unique 
choice of customer-specific ASICs using 
pre-designed and pre-characterized FSB™ 
functional system block elements, and 
application-specific standard products 
(ASSPs), that together can dramatically 
reduce your development cycles while 
increasing your system performance and 
functionality. 

With sub-micron geometries, 32-bit 
RISC processor cores, the first “Fuzzy 
Logic” core, programmable block elements, 
and the flexibility of high-performance/ 
high-density gate array, cell-based, and 
compiler libraries, VLSI can achieve levels 
of system integration never thought possi- 
ble only a few years ago. 

Yet we're doing it today. 

And wed like to do it for you. Just call 
or write for more information or to arrange 
a personal visit with one of our Field Sales 
Engineers. 

We'll help you meet the standard—and 
then set a higher one. 


© VLSI TECHNOLOGY, INC. 


1109 McKay Drive, San Jose, CA 95131 (408) 434-3100 
FSB is a trademark of VLSI Technology, Inc. 
©1993 VLSI Technology, Inc. 
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MASS STORAGE. 
We're putting the storage 
world into a compactor, with 
controllers that make 2.5”, 
1.8” and even 1.3” hard drives 
possible. For proof, check 
out our extended family of AT, 
SCSI and PCMCIA controllers. 
They have advanced error cor- 
rection, power management 
capabilities, and full firmware 
support for speedy design-in. 
VGA GRAPHICS | Our “little” advances will similarly fit 
CONTROLLERS. the form factor of notebooks, pen-based, and even 
As the industry's leading palmtop computers. 
supplier of VGA control- 
lers for color and 
monochrome notebook 
= computers, we've set 
™” , ae the standard for LCD 
: display quality. For desktop PCs, set your sights 
on integrated, 24-bit true color capability...without putting 
your price-point in the red. We've also included the 
RAMDAC and frequency synthesizer on all our VGA chips 
to save additional space and money. Our highly integrated 
controllers feature industry-standard Super VGA, direct 
CPU-local bus connection, graphical user interface (GUI) 
acceleration, and full BIOS and driver support. 





So you've got the hottest processor around for your new PC or notebook design...so what? So does your 


competition. What will set your design apart from all its rivals are the other computers inside: Cirrus Logic | 
FeatureChips controllers. FeatureChips controllers bring leading-edge capabilities and performance to 


critical areas like storage, graphics, communications, multimedia and more. They give your CPU the sup- 
port it needs for maximum system performance with minimum size and power. Get the most out of your 


CPU investment; surround it with the best controllers you can buy...Cirrus Logic FeatureChips controllers. 


*In Japan (81) 3-5389-5300. Singapore (65) 3532122. Taiwan (886) 2-718-4533. Germany (49) 8152-2030. United Kingdom (44) 0727-872424. ©1992 Cirrus Logic, Inc. 3100 West Warren Avenue, Fremont, CA 94538 


(510) 623-8300. Cirrus Logic, the Cirrus Logic logo and FeatureChips are trademarks of Cirrus Logic, Inc. Crystal Semiconductor and SmartAnalog are trademarks of Crystal Semiconductor Corp. “The computer 
inside” may be claimed to be a trademark of Intel Corporation. Futuristic car scene: Alias Research, Inc. 
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COMMUNICATION PRODUCTS. 
For innovation, call.on our broad line of datacom 
and telecom products. . .all of them complete with 
full software support to ease your design-in effort. 
For example, our recently announced highly 
integrated fax/data modem chip set brings 
high-quality voice answering machine 
capabilities to your PCs. For data 
networking, we feature serial 
I/O and LAN controllers. And our 
SmartAnalog™ interface circuits 
from Crystal Semiconductor help 
your designs tap into the vast tele- 
communications world at a price/performance 
point that’s just right. 








MULTIMEDIA VIDEO & Aupio ICs. 


Inspire encore performances on your PC with real- PCMCIA ICs. 
time video and CD-quality stereo sound. Multimedia Prepare for the upcoming boom in credit card-sized 
and teleconferencing capabilities position any PC for PCMCIA add-in cards. Our single-slot and dual-slot 
lasting marketability. With capabilities like video PCMCIA 2.0 host adapters are the fastest, smallest, 
editing and multiple video windows, our video chips most power-frugal and feature-filled adapters you 
are ideal for everything from multimedia to video- can buy. Complementing these host adapters, today 
| conferencing. For pro-quality 16-bit stereo audio, we also offer PCMCIA disk interface controllers. 
: our Crystal Semiconductor™ subsidiary has the Tomorrow, we'll bring PCMCIA capabilities to an 
| chips you need to make sound come alive. even broader set of peripheral functions. 


Get the complete ‘inside’ story: your FREE Cirrus Logic brochure. Learn how our broad FeatureChips 
product line can make your investment in leading CPUs pay off in unparalleled performance and func- 
tionality. Seize the competitive advantage. All starting with a single, toll free phone call. 















| Free FeatureChips Literature Hotline: | §o ——=—— 
| 1-800-858-0487" Ask for dept. 122 ! CIRRUS LOGIC 


FEATURECHIPS.” 


st SP ek ts OS ee i 











NIC ire 


AWeremoyeretelebntebe: 


éfisilicon technology. 


Prioe... 


craftsmanship... 























a continuing dedication 
to excellence... 





value Oru Cli JET} COs. 
RU, designed for the 
CUILOMELr J need, nol the 


supplter CONVENIENCE... 





leadersh Up... 


a long term commitment... 





a viston in every adspecl 
of our field... 





All of this combined has made 
NCR Microelectronic Products 

the industry's benchmark for silicon 
ered pvave) (oyoava @ treme | UCacian ace 
constantly challenge ourselves... 


our industry. For over three decades, 





NCR has balanced these traditional 
values with the latest technology. 

To see the results — take a look at the 
reynere trees that are setting industry 


Sta ndards. 


Call today fora 
auereuerey ohtarey are) t ty 
EN roctarert et olor 

1-800-334-5454 
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_ EDN-NEWS BREAKS 


EDITED BY SUSAN ROSE 


Silicon tackles RF wireless 
communications applications 


~ National Semiconductor is leveraging its LAN communica- 
__ tions expertise and an advanced BiCMOS process to enter 
the wireless communications market. The first product in 
this line of silicon-based RF (radio frequency) ICs is a 
~ family of phase-locked-loop frequency synthesizers that 
operate as fast as 2.5 GHz. The product family is based 
~on National's ABIC-IV BICMOS process, which achieves 
a transistor toggle frequency (f,) of 14 GHz. 
The PLL family comprises four members: the LMX-1 501A, 
— -1511, -2315, and -2320. Each has a reference oscillator, 
- two programmable counters, a prescaler, a phase com- 
- parator, and a charge pump integrated on chip. The 
_ charge pump’s output can drive a VCO (voltage-controlled 
oscillator), or you can use the output signals from the 
~ comparator to drive an external charge pump. The devices 
are programmable through a 3-wire serial interface and 
can operate from 2.7 to 5.5V. 
The two programmable counters divide the reference 
clock and the VCO’s output signal before presentation to 
_ the phase comparator so that the VCO's frequency be- 
comes a rational multiple of the reference frequency. To 
provide a range of VCO output frequency settings, a 1 4- 
_ bit counter works on the reference clock, and an 18-bit 
counter works on the VCO signal. The maximum VCO 
frequency the devices can accept ranges from 1.1 to 2 
(GHz, ae 
~ The LMX1501A, -1511, and -2315 operate at 1.1 GHz; 
— the -2320 operates at 2 GHz. Each consumes 18 mW 
at 3V. Additionally, the LMX23xx devices offer power- 
~down modes that reduce their standby power to 300 
wW. The devices come in a variety of plastic-package 
types, including small-outline (SO) and thin shrink small- 
 outline-package (TSSOP) styles, and will be in production 
~ by March. Prices range from $4.25 (100). National Semi- 
conductor, Santa Clara, CA, (408) 721-5000. 
: —by Richard A Quinnell 


Pick up your 


time again to start thinking 


| H about products released 
Innovation between March 31, 1992, 
nomination and March 31, 1993, as 


well as the people behind 
those products, that de- 
serve recognition for this 
year’s award. Innovation 
awards are presented for 
nine major product catego- 
ries—ICs and semiconduc- 
tors, microprocessors, test 


packets 


- Each year, EDN recognizes 
achievement in the electron- 
ics industry by sponsoring 

the Innovation and Innova- 
tor of the Year Awards. It's 


and measurement, CAE/ 
CAD, computers and pe- 
ripherals, components, 
hardware and interconnect, 
software, and power 
sources—and Innovator of 
the Year. 

EDN encourages you to 
complete a nomination 
packet and let us know 
which products—and de- 
signers—are outstanding 
candidates for these 
awards. Applications are 
due on or before March 26, 
1993. To receive a nomina- 
tion packet, contact Kathy 
Calderini, EDN, 275 Wash- 
ington St, Newton, MA 
02158,(61 7) 558-4526, 
FAX (617) 558-4470. 

—hby Susan Rose 


Arbitrary waveform 
generator offers 
large memory 


The 2414A arbitrary 
waveform generator from 
Pragmatic Instruments of- 
fers 12-bit resolution and 
a 160k-word memory with 
sampling rates from 0.1 
Hz to 20 MHz. You can 
choose from 20 standard 
waveforms or create your 
own using a mouse, a PC, 
or downloading from a 
digital storage oscillo- 
scope. The instrument 
costs $2945, including an 
RS-232C interface and 
software. Options include 
an [EE E-488.2 interface 
($495) and a waveform se- 
quence generator ($895) 
that lets you string to- 
gether as many as 1000 
waveforms and repeat 
them. Pragmatic Instru- 
ments Inc, San Diego, 
CA, (619) 271-6770, FAX 
(619) 271-9567. 

—by Doug Conner 





Dual-disk 
drive doubles 
PCMCIA card 
capacity 


Maxtor Corp’s disk drive 
in a PCMCIA (Personal 
Computer Memory Card 
International Association) 
Type III package brings 
desktop applications to 
portable computers in a 
removable module. The 
MXL-105-III uses two 
disks (four data surfaces) 
to create a storage capac- 
ity of 105 Mbytes, which 
is enough to run Windows 
and a selection of com- 
monly used applications 
programs. The top capac- 
ity for other PCMCIA- 
compliant drives is 40 to 
60 Mbytes. Some higher- 
capacity drives fit within 

a PCMCIA-specified 
credit-card-sized profile 
(54 X 85.6 mm), but ex- 
ceed the Type III height 
of 10.5 mm. 

The drive, which incor- 
porates a PCMCIA-ATA 
interface, receives and 
sends data from its buffer 
at 4 Mbytes/sec; actual 
media transfers occur at 
rates from 1.4 to 2.8 


-Mbytes/sec. Typical seek 


time is 15 to 16 msec. The 
unit weighs 70g and with- 
stands shocks of 30g (op- 
erating, no errors), 100g 
(operating with recover- 
able errors), and 300g 
(nonoperating). Power 
consumption ranges from 
25 mW in sleep mode to 
3W during spin-up. 
Evaluation samples are 
$499. Maxtor Corp, San 
Jose, CA, (408) 432-1700, 
FAX (408) 483-0457. 

—by Gary Legg 
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Team produces Unix 
pc-board design system 


You can buy a complete Unix pc-board design system for 
£21,895 as a result of a teaming up of Racal-Redac and 
Sun Microsystems. The system comprises Racal-Redac’s 
Visula Lite software (£15,000) and Sun Microsystem’s 
SPARCstation LX hardware (£6895). The partners maintain 
that the system meets the demands of high-end PC-system 
users for more comprehensive networking, communications 


placement and routing. 


_ between tools, and high-performance autointeractive 


Visula Lite is a reduced-function version of the company’s 
_ high-end CAD Expert product. The package includes de- 
sign capture, a pc-board layout editor, automatic place- 
ment and routing, library-management tools, and links 
through to manufacturing. The package is compatible with 
the company’s other PC and workstation products, and 
there are trade-up incentives for PC users, along with 
migration tools for automatically transferring designs and 
libraries. Similar tools for PADS and PCAD users are 


planned. 


The off-the-shelf software, on CD-ROM only, is available 
now from Racal-Redac’s existing indirect distributors in 
Northern Europe. Worldwide distribution is planned for the 
second quarter of this year. Racal-Redac Systems Ltd, 


Tewkesbury, UK, (684) 294161, FAX (684) 299754, in 


the US, Westford, MA, (508) 692-4900, FAX (508) 692- 
~ 4725. Sun Microsystems Ltd, Bagshot, UK, (276) 451440, 
FAX (276) 451287; in the US, Sun Microsystems Computer 
Corp, Mountain View, CA, (415) 960-1300, FAX (415) 
969-9131.—by Brian Kerridge | 


Chip embodies 
programmable 
logic 


The Flex 8000 chip family 
from Altera represents a 
new architectural ap- 
proach to programmable 
logic that incorporates at- 
tractive features of both 
~PLDs and field-program- 
mable gate arrays 
(FPGAs). The chip’s 
CMOS, static RAM-based 
design offers high register 
counts, predictable inter- 
connect delays, low 
standby power, and in- 
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circuit reprogramming. 
The basic logic element is 
a 4-input look-up table 
plus a register with a 5- 
nsec propagation delay. 
Each logic element also 
has inputs for creating 
wide cascaded functions 
and fast carry logic for ad- 
ders and counters with 1- 
nsec propagation delay. 
The architecture has 
only three interconnect- 
delay values: 1 nsec be- © 
tween the eight logic ele- 
ments in the same logic 
array block, 6 nsec for 
logic elements in the same 
row, and 9 nsec across the 


chip. Maximum perform- 
ance for a 16-bit up/down 
loadable counter is 70 
MHz; max performance 
for a 24-bit adder is 50 
MHz. The family will span 
4000 to 24,000 gates. The 


—12,000-gate EPF81188 


with 1008 logic elements, 
180 I/O pins, and 1188 
registers (in a 232-pin 
PGA) initially costs $495 
(100); volume pricing for 
quad flatpacks drops to 
$198 (1000). Altera Corp, 
San Jose, CA, (408) 894- 
7000.—Doug Conner 


John Kemeny, 
Basic co-creator, 
dies 


John G Kemeny, co-creator — 


of Basic, died December 26, 
1992, at the age of 66. In 
1964, Kemeny and his col- | 
league Professor Thomas 
Kurtz created the Basic com- 
puter language, which re- 
mains a major teaching tool 
in computer programming. 
Kemeny was born in 
Budapest, Hungary, and im- 
migrated to the US in 1940. 
He graduated from Princeton 
University in 1947 and re- © 
ceived his doctorate from 
Princeton in 1949 at the age 
of 23. As a student, Kemeny © 
was a research assistant to 
Albert Einstein. He devel- 
oped Basic at Dartmouth 
College, where he served as 
the school’s 13th president 
from 1970 to 1981. Earlier 
in his career he took part in 
the Manhattan Project and in 
1979, President Carter 
named him to head a 12- 
member commission to inves- 
tigate the Three Mile Island 
nuclear-power-plant dis- 
aster.—by Susan Rose 


Ethernet 
controller 

costs $15 

The $15 (10,000) 82595 


Ethernet controller from In- 
tel integrates all major func- 
tions of a buffered LAN de- 
sign (except buffer memory) 
into one chip. You can use 
up to 64 kbytes of dynamic 
RAM for local buffer mem- 
ory and up to 256 kbytes 
of EEPROM or flash memory 
for booting operations. The 
chip interfaces directly to 


| either an ISA or PCMCIA 
2.0 bus and has power- 


management features for 
battery-powered applica- 
tions. Packaged ina 144- 
lead TQFP (thin quad 
flatpack), the 1.7-mm-thick 
package fits PCEMCIA I/O 
cards. Intel Corp, Santa 
Clara, CA, (800) 548- 
4725.—by Doug Conner 


Software tool 
simplifies 
logic selection 


The Logic Integration Tool 
from Texas Instruments 
helps you select the appro- 
priate logic implementation 
method for your design. In- 
stead of researching ven- 
dor data sheets, you can 
use this tool to analyze the 
logic portion of your design 
for space, power, nonre- 
curring engineering, parts 
cost, and lead-time esti- 
mates. Select among stan- 
dard TTL devices, PLDs, 
field-programmable gate 
arrays, and ASICs. The 
software runs on a PC and 
costs $59.95. Texas Instru- 
ments Inc, Dallas, TX, (800) 
477-8924. 

—lby Doug Conner | 


vy CYPRESS, 


ay DARLING 
ONLY CYPRESS: | 





TRUE CONFESSION: WE DELIVER THE FIRST REPROGRAMMABLE 
/ 5 ns P LASH 22 VIO. While others just talk, we deliver actual product: the PALC22V10D-7. We took our newsworthy 


10 ns FLASH CMOS 22V10 and made it even faster. And, unlike some, we don’t settle for product that falls short of the 7.5 ns spec. Or 
stop at one-time programmable, like others. Instead of dramatic story lines and fictitious ship dates, we give you product that performs. 
Cypress is the only company to give you 7.5 ns speed, combined with FLASH reprogrammability to protect your inventory invest- 

ment. We also provide cool operation and inexpensive plastic packaging. To make design-in even smoother, you'll find low-power 
FLASH 22V10s are supported by a wide variety of design tools. Contact the industry PLD leader today to get a data sheet and your free 














sample certificate. a 
FOR YOUR FREE DATA SHEET AND SAMPLE CERTIFICATE, ==: ge 
CALL OUR HOTLINE: 1-800-858-1810* Ask for Dept. (410. ae 2 ee CTO 


*In Europe fax your request to the above dept. at (32) 2-652-1504 or call (32) 2-652-0270. In Asia fax to the above dept. at 1 (415) 940-4336. ©1992 Cypress Semiconductor, 3901 North First Street, 
San Jose CA 95134. Phone 1 (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 





the worlds largest selection 
2KHz to IOGHZ from $2% 


With over 300 standard models, from 2-way to 48-way, 0° 90° and 180° 

90- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s 
largest selection of off-the-shelf power splitter/combiners. And, with rapid 
turnaround time, we'll also supply “special” needs, such as wider band- 
width, higher isolation, lower insertion loss and phase matched ports. 

Available for use in military and commercial requirements, models 
include plug-in, flat-pack, surface-mount, connectorized standard 
and custom designs. New ultra-miniature surface mount units 
provide excellent solutions in cellular communications, GPS 
receivers, Satcom receivers, wireless communications, and 
cable systems. 

All units come with a one-year guarantee and unprecedented 
“skinny” sigma unit-to-unit and production run-to-production run 
repeatability. All catalog models guaranteed to ship in one week. 
Mini-Circuits...dedicated to exceed our Customers’ expectations. 




















: es i be : : “eee ~WEACCEPT AMERICAN EXPRESS AND VISA 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
Distribution Centers /NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 


F134 REV. C 


For detailed specs on all Mini-Circuits products refer to 
e THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY 
e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK. 
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How To 





EVERYTHING 
YOUR 





Do what most everyone 
else does. 

Control your next 
embedded system with a micro- 
processor from Motorola’s 
32-bit 68000 family. 

Whether your system 
calls for high performance, low 
cost, functional integration 
or a combination of all three, 


20 = EDN February 4, 1993 


a 


we've got chips that'll meet 
your needs. 

If cost 1s your first con- 
cern, take a look at our industry 
standard 68ECOOO micro- 


processor. It delivers 32-bit 

performance for $2 and change. 
Which makes tt perfect 

for everything from low-end 


printers to consumer electronics. 


Or if you’re in the “speed 
is everything” camp, consider — 
our 68EC040. A streamlined 
screamer delivering 29 MIPS 
of sustained performance, 
it’ll run the pants off RISC 
controllers in high-end appli- 
cations. At a lower overall 
system cost. 

Or maybe you need 


CONTROL. 
INCLUDING 
(COSTS. 





special functionality. Like 
built-in multiprotocol com- 
munications, direct memory 
access, or sophisticated 
timers. Our 68300 line of 
integrated processors comes 
fine-tuned for a wide variety 
of applications, from telecom- 
munications to hand-held 
computers. 


Motorola and the ® are registered trademarks of Motorola, Inc. © 1992 Motorola, Inc. All rights reserved. 


And because they're 
integrated, they take up very 
little space. 

A quick glance across the 
page will show you there are 
many more 32-bit solutions 
where those came from. 

Namely, from Motorola. 
The company that controls 
more 32-bit embedded sys- 
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tems than the rest of the world 
combined. 

For a free copy of our 
68000 Family Brochure, call 
1-800-845-MOTO. 

And get everything under 
control. 


(AA) MOTOROLA 
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OrCAD’s Schematic Design Tools is 
the most popular electronic design 
automation product in the world. 
Designed by engineers for engineers, 
its “intelligent” interface and power 
features are a favorite for electronic 
designers in huge manufacturing 
companies and small job shops alike. 


Schematic Design tools offers 
incredible value in a single package: 
30+ industry netlist formats (or write 
your Own); support for hundreds of 
displays, printers and plotters; the 
innovative ESP framework, which 
allows the user to seamlessly transfer 
information between OrCAD products 
and many third party products. 


In the 60+ libraries are IEEE, 
TTL, ECL, CMOS symbols and 
much more. In fact, Schematic 
Design Tools has over 20,000 
unique library parts. Parts 
may be rotated, mirrored, 
converted to DeMorgan 
equivalent with the 
press of a single key. 
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SERENE 


Designed specifically for 386/486 based PCs. 
A true protected-mode product using 32 bit 
addressing and data structures for maximum 
performance on today’s faster PCs. 


Features and enhancements: 

e Virtually unlimited design size 

e Virtually unlimited netlisting 

capacity 

Faster netlisting due to improved 

memory management and 386/486 

optimization 

¢ Compatible with all OrCAD prod- 
ucts including OrCAD PCB II, 
Programmable Logic Design Tools 
386+, and Digital Simulation Tools 


¢ Virtually unlimited graphic part siz 

e All existing SDT designs and 
libraries may be easily translated 
into Schematic Design Tools 386+ 
format. 

¢ Schematic Design Tools 386+ is 
compatible with nearly every 
known printed circuit board, 
programmable logic and FPGA 
layout system. 


The Better Solution 


3175 N.W. Aloclek Drive ¢ Hillsboro, OR 97124 USA 
(503) 690-9881 ¢ Fax (503) 690-9891 
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Reader expresses 
another view of cable TV 


Jon Titus’. editorial, “Don’t tread 
on me” (EDN, April 9, 1992, pg 39), 
was on the mark until he went into 
the subject of cable TV. Although 
I don’t completely disagree with 
him, I think there is another view 
that the editorial side-steps: 
® Cable isn’t available in many areas. 
@ Many people can’t afford cable 
even when it is available. 
@ The video (TV) medium is one of 
- the easiest methods for convey- 
ing information to people world- 
wide. If it weren’t for the fact 

that a TV antenna attached to a 

TV is enough (most times) to pull 

in this information, many people 

would be forced to do without. 

Without an informed electorate 
we suffer as a nation. I’m sure Titus 
will agree. 

As for networks’ having a “stran- 
glehold on our viewing habits,” it 
appears that their grip is getting 
ever tighter. Has Titus actually sat 
down and watched a network’s of- 
ferings over the course of a week? 
Most of the stuff (violence, stupid 
sitcoms, shock news) is utter gar- 
bage. For anyone with an educa- 
tion, most of this stuff is an intellec- 
tual insult. 

For the most part, I follow Titus’s 
recommendation that ends the edi- 
torial—read a book or a magazine. 
This goes for my children as well. 
Michael Picco 
Sierra Micro Research 
Shingle Springs, CA 


Engineers cannot be all 
things to all problems 


Jon Titus’ editorial, “Design prod- 
uct, not circuits” (EDN, July 20, 
1992, pg 51), is of great concern to 
me as a systems engineer. Only the 
contributions of others in specific 
areas of design engineering make 
my job possible. Engineers cannot 
and should never try to be as Titus 
essentially suggests, “all things to 
all problems.” Effective manage- 


ment and coordination with individ- 
ual areas of expertise and creativity 
make efficient solutions to problems 
possible. Reliance on “canned” solu- 
tions from others as some try to do 
only produces yesterday’s solutions 
and someone else’s idea of the cor- 
rect way to achieve that solution. 

The reference to the switch ac- 
cess problem is certainly not a new 
one, and the blame usually lies at 
the feet of a budget proposal or size 
constraint that was unrealistic in 
the first place. I haven’t met one 
person in 27 years in this business 
who would purposely design in a 
flaw as Titus describes. 

Referring to the last paragraph 
of the editorial, any hardware de- 
signers who don’t understand the 
components they are using are 
doomed to misuse them. That is the 
one great failing of American engi- 
neering education these days: ana- 
log designers who don’t understand 
substrate interaction noise; RF de- 
signers who don’t understand the 
nonlinear effects of masking oxides; 
and digital designers who don’t un- 
derstand intrinsic channel resis- 
tance change with temperature. We 
as producers of goods must keep a 
weather eye on the end result of 
our collective efforts, but antenna 
patterns are not the responsibility 
of the software department. 

Mark Hosford 
Senior Systems Engineer 
San Diego, CA 


Don’t forget MTOS 


Oops, EDN inadvertently left out 
the address of Industrial Program- 
ming Inc in the October 15, 1992, 
issue Technical Update on embed- 
ded PCs (pg 67). IPI produces 
MTOS—a real-time multitasking, 
multiprocessing operating system 
for Intel and Motorola wPs. 
Industrial Programming Ine 

100 Jericho Quadrangle 

Jericho, NY 11753 

(516) 988-6600 

FAX (516) 938-6609 


Transformers 
& Inductors 


ACTUAL 


PICO surface mount units utilize 
materials and methods to 
withstand extreme temperature 
(220°C) of vapor phase, I.R., 
and other reflow procedures 
without degradation of electrical 
or mechanical characteristics. 


TRANSFORMERS 


Impedance Levels 10 ohms to 
10,000 ohms, Power Level 400 
milliwatt, Frequency Response 
+ 2db 300HZz to 50kHz. All units 
manufactured and tested to 
MIL-T-27. 


Also from PICO: 





e Plug-in 

e Toroidal 

© Axial Leads 

® Insulated Leads 


Delivery— 
stock to one week 


PICO 


@ 
Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 
Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 

FAX 914-699-5565 
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dc to 3GHz ... SII 


lowpass, highpass, bandpass 


@less than 1dB insertion loss ® greater than 40dB stopband rejection ®surface-mount ®BNC, Type N, SMA available 
e5-section, 30dB/octave rolloff © VSWR less than 1.7 (typ) ®@rugged hermetically-sealed pin models ® constant phase 
emeets MIL-STD-202 tests ® over 100 off-the-shelf models ®immediate delivery 











: low pass, Plug-in, dc to 1200MHz 












Passband Stopband, MHz Passband Stopband, MHz 
Model MHz loss loss Model MHz loss loss 
No. loss < 1dB > 40dB No. loss < 1dB > 40dB 
*LP-5 8-10 10-200 *LP-250 320-400 400-1200 
*LP-10.7 19-24 24-200 * LP-300 410-550 550-1200 
*LP-21.4 32-41 41-200 *LP-450 580-750 750-1800 
* LP-30 47-61 61-200 * LP-550 750-920 920-2000 
*LP-50 70-90 90-200 * LP-600 840-1120 1120-2000 
LOW PASS *LP-70 90-117 117-300 *LP-750 1000-1300 1300-2000 
* P-90 121-137 167-400 * LP-800 1080-1400 1400-2000 
*LP-100 146-189 189-400 * LP-850 1100-1400 1400-2000 
* LP-150 210-300 300-600 *LP-1000 1340-1750 1750-2000 
* LP-200 290-390 390-800 *LP-1200 DC-1000 1620-2100 2100-2500 
























© 
ac) 
= Price, (1-9 qty), all models: plug-in $14.95, BNC $32.95, SMA $34.95, Type N $35.95 
° 
2 Surface-mount, de to 570OMHz 
3 SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800 
SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800 
rs SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000 
; SCLF-135 DC-135 210-300 300-600 
heb soba Price, (1-9 qty), all models: $11.45 
Flat Time Delay, dc to 1870MHz 
Passband Stopband VSWR Group Delay Variations, ns 
MHz MHz Freq. Range, DC thru Freq. Range, DC thru 
0.2fco 0.6fco fco 2fco 2.67fco 






Model 





















































































loss < 1.2dB > 10dB X X X X X 
EME TION FOe * BLP-39 78-117 host 2.3:1 0.7 40 5.0 
* BLP-117 234-312 312 1351 2.4:1 0.35 1.4 1.9 
* BLP-156 312-416 416 0.3: 1.9:1 0.3 1.1 1.5 
4 ce ee & %*BLP-200 400-534 534 1.6:1 1.9:1 0.4 13 1.6 
z * — *BLP-300 600-801 801 1.25:1 2.2:1 0.2 0.6 0.8 
*  %#*BLP-467 934-1246 1246 1.255 eA 0.15 0.4 0.55 
5 gs ABLP-933 1866-2490 2490 13:1 2.2:1 0.09 0.2 0.28 
5 ¢ ABLP-1870 3740-6000 5000 1.45:1 2.9:1 0.05 0.1 0.15 
Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95 
NOTE: A: -933 and -1870 only with connectors, at additional $2 above other connector models. 
high pass, Plug-in, 27.5 to 2200MHz 
Stopband Passband, VSWR Stopband Passband, VSWR 
MHz MHz Pass- MHz MHz Pass- 
loss loss loss band loss loss loss band 
HIGH PASS < 40dB < 20dB <1dB < 20dB <1dB Typ. 
*HP-25 27.5-200 1.8:1 * HP- 210-290 395-1600 74 
* HP-50 41-200 ee *HP-500 | DC-280 280-365 500-1600 -| 1.8:1 
oO * HP-100 90-400 1.8:1 *HP-600 | DC-350 350-440 600-1600 2.0:1 
oO *& HP-150 133-600 1.8:1 *HP-700 | DC-400 400-520 700-1800 1.6:1 
Ss *&HP-175 160-800 TB! *HP-800 |. DC-445 445-570 780-2000 ng 
= * HP-200 185-800 1.6:1 * HP-90 DC-520 520-660 910-2100 1.8:1 
2 * HP-250 225-1200 1s * HP-1000 550-720 1000-2200 1.9:1 
® * HP-300 - . 290-1200 Wh 
3S Price, (1-9 qty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95 
enn bandpass, Elliptic Response, Constant Impedance, 
10.7 to 7OMHz 21.4 to 7OMHz 
Center | Passband 3 dB Stopbands Center | Passband | Stopband VSWR 
I.L. 1.5 dB Bandwidth IL. [A 
BANDPASS 


ELIPTIC RESPONSE 


a 


CONSTANT 
IMPEDENCE 





Price, (1-9 qty), all models: plug-in $18.95, 


70 | 58-82 490 
Price, (1-9 qty), all models: plug-in $14.95, 
BNC $40.95, SMA $42.95, Type N $43.95 ONG Sug 08. an eae Saag N'$39.95 


attenuation, dB 





NOTE: *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement. 
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Our new IDT713256SL 3.3V 32K x 8 SRAM lowers power con- dete Viliveatcr 
sumption by 57% and operates at speeds as fast as 2Ons for zero- Call or FAX us today to 








wait-state operation in 40MHz applications. receive a copy of the D Desktop Ee 
Packaged in a small-footprint 28-pin SOJ, the IDT713256SL Notebook PC — [a 
meets the new JEDEC LVTTL 3.3V standard, providing the only fast | Cache Solutions — 
true 3.3V solution for low-power notebook cache and portable ‘booklet, 2 free 
instrument data buffering. __ | samples of IDTS- 
33V 256k 
, : SRAM, and an 
The IDT713256SL is optimized for noise immunity, low power, entry form for a : 
and high speed to extend battery life in notebook computers and drawing to win one of three 3.3V 
other portable equipment. And it features a 2V data retention notebook computers. 


mode and a low 500A (max.) full standby current—up to a 20x 
improvement over recharacterized fast 5V SRAMs. 





Best of all, IDTs new 3.3V SRAM is available now at very com- 
petitive prices! So you dont have to wait to make your 3.3V design 
a reality. | 
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Sorry, wrong number 


In the November 12, 1992, Ask EDN, 
reader Manuel Vaz Guedes wrote that 
he wanted to download some fuzzy-logic 
freeware from the Motorola computer 
bulletin-board system (BBS). The num- 
ber in the reply is wrong. Ask EDN 
regrets the error. 

First of all, Motorola has several bul- 
letin boards. The BBS with the fuzzy- 
logic software is the MCU BBS. Its 
number is (512) 891-3733; 300 to 9600 
baud; 8,N,1. The sysop is John Dumas, 
who reports that the user interface is 
not difficult to use and now includes a 
FAX server called FreeFAX. This 
server lets callers select and receive 
FAX documents including fuzzy-logic 
application notes. 


References hard to 


find in Croatia 
eS ee 
I have read your advertisements about 
many good technical books that cover 
electronics and computers. As I am a 
student programmer, I am interested 
in programming the 8051 microcon- 
troller, especially the SAB 80537 ver- 
sion. 

Could you recommend any good 
books or other sources that cover 8051 
programming? There is never enough 
knowledge, and here in Croatia it is 
much easier to buy hardware than 
find good technical references or spe- 
cialized software. 

Damir Marasovic 
Zagreb, Croatia 


Technical Editor Ray Weiss responds: 
The 8-bit 8051 is a good microcontroller 
(uC) for you to be working with. Its 
architecture is a bit baroque, but many 
engineers characterize it as the Model 
T (as in the early popular Ford car) of 
wCs because of its popularity, wide 
range of clock speeds and peripheral 
mixes, and large base of development 
tools. 

A good book about the processor is 
The 8051 Microcontroller—Architec- 
ture, Programming, and Applications 
by Kenneth J Ayala, 1992 (West Pub- 
lishing Co, 50 W Kellog Blvd, St Paul, 
MN 55164. Phone (612) 687-7000.). The 
text comes with an assembler, simu- 
lator, and workbook with complete 
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project code. It also includes 8051 de- 
sign projects to build your design skills. 

A couple of new books I’m looking 
at are C and the 8051—Programming 
and Multitasking by Thomas W 
Schultz, 1992 (Prentice-Hall, Route 9W, 


Englewood Cliffs, NJ 07632. Phone 


(201) 592-2000) and The 8051 Microcon- 
troller, by F Scott MacKenzie, 1992 
(Macmillan Publishing Co Inc, 866 
Third Ave, New York, NY 10022. 
Phone (212) 702-2000. ). 


Contact needs 
supervision 


I’m looking for a circuit that will elec- 
trically supervise either a normally 
open or a normally closed contact. My 
application is to be used in a commu- 
nications/signaling system. By elec- 
trically supervise, I mean that the cir- 
cuit must be able to detect a single 
open, a single ground, or a short of 
two or more conductors extending to 
the pe board that contains the super- 
vised contact. The supervision circuit 
does not need to distinguish between 
these three failure modes, and it does 
not need to detect a fault condition 
that would still allow the change of 
state of the contact to be detected. It 
would also be very nice if multiple 
contacts could be wired in parallel if 
normally open contacts are used or 
in series if normally closed contacts 
are used. 

My research and design efforts have 
developed only a voltage window de- 
tector that has two separate windows 
of safe operation. If the sensing con- 
ductor is in the first window, the con- 
tact is open. If the sensing conductor 
is in the second window, the contact 
is closed. If the sensing conductor is 
outside the two windows, there’s a 
fault in the system. I’m not excited 
about this design approach and am 
looking for a better technique. 

An approach that is commonly used 
but is too expensive for my applica- 
tion is putting a microcontroller on 
the pe board containing the contact 
to be supervised. The controller would 
then communicate over a serial link, 
which would be supervised by a poll- 
ing process. Any other suggestions 
would be appreciated. 

Curt Geiger 
Hill-Rom 
Batesville, IN 





We forwarded your question to Bob 
Pease at National Semiconductor Corp 
(Santa Clara, CA): First of all, this is 
a SYSTEM PROBLEM, and there are 
no simple solutions that don’t affect lots 
of things. IF, for example, the contacts 
are right at GROUND, and if you al- 
ready have a power supply such as 5V, 
then that’s pretty easy. You can feed 
it 1 pA from a 4.7-MQ resistor and see 
if the contact is open or closed or some- 
where in the middle. But if you want 
to be able to detect ANY contacts, any- 
where in space, serial or parallel, then 
the problem is so vague that there’s no 
rational solution. If you can narrow it 
down somewhat, that may suggest five 
possible solutions. THEN if you can say 
what’s wrong with each of those solu- 
tions, you’d have a chance to design a 
system that would probably work ok. 

Or if you could define a system that 
does some of the things you like but is 
deficient in two or three aspects, that 
would help things a lot, too. 


NeoCAD, where are you? 
eee ee a ee 
In the October 22, 1992, issue of EDN 
Products & Careers, I read an article 
about the company NeoCAD. Do you 
have a phone number for the com- 
pany? 
Bob Colburn 
Pensar Corp 
Appleton, WI 


The company information is 


NeoCAD 

2585 Central Ave 
Boulder, CO 80301 
(803) 442-9121 

FAX (803) 442-9124. 


Ask EDN solves nagging design prob- 
lems and answers difficult questions. 
Address your letters to Ask EDN, 
275 Washington St, Newton, MA 02158. 
FAX (617) 558-4470; MCI: EDNBOS. 
Or send us a letter on EDN’s bulletin- 
board system at (617) 558-4241: From 
the Main System Menu, enter 
SS/ASK_EDN and select W to write 
us a letter. 
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When you go with Xilinx, what 
do you get? 

Software so automated it can 
shrink a development cycle to less 
than a starting employee's vacation. 

The fastest, densest, most cost- 
efficient devices. 

Support from the league-leader 
in programmable logic. 

And a head start on everybody 
else who didn’t go with us. 


TOMORROW WILL BE HERE 
ANY MINUTE. 


These days, you just don’t have a 
moment to lose. 

You blink twice and there are 
four competitors with a product just 
like yours. Only cheaper. 

Even being first to market isn't 
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enough anymore. 
You also have to be 
the first to follow 

up with new, feature- 
rich models. 

And in that kind 
of market environ- 
ment, Xilinx FPGAs 
and EPLDs become 
more valuable than ever. 

For starters, our software is 
virtually automatic. 

So we look for all the world like 
the prototypical prototyping tool. 

But why stop there? Our FPGAs 
can get you into production instantly. 

When you need to come back 
and build new models, it’s as easy as 
reprogramming — something our 
FPGAs let you do right in the system. 


Gate Array 


Programmable 
Gate Array 


Verification 








Time to Market 
5 10 15 


Prototyping Evaluation 


You cant buy time, but you can certainly do the next best thing. You can buy Xilinx 
and save time. Almost four months, compared to using a conventional gate array. 


And when youre ready for high 
volumes, our pin-for-pin compatible 
HardWire’ Gate Array is ready to go. 


THE MOST EXPERIENCED 
PROGRAMMABLE LOGIC. 


In all modesty, we know more 
about FPGAs than anybody. 

After all, we invented them. 

Thirteen million devices, and 
12,000 development systems later, 








we now offer more than 250 options 
for the widest range of applications. 

Our staff of FAEs has more 
experience designing with complex 
PLDs than any other single group in 
the industry. And when you go with 
us, theyre with you. 

And no one has more experience 
working with the third party people 
you rely on for CAE. You can work 
with whatever and whomever youre 


— 


aie 


The most valuable thing in a horse race? A good lead. 
As the leader in programmable logic, we can help 
you get one. And keep it. 


URE NOT 





working with now. You don't have to 
reinvent a thing. 

Which means your investment 
in equipment and training, as well 
as the future of your future product 
line, are protected. 


THE LOGIC OF OUR APPROACH 
IS INESCAPABLE. 


Were not burdened by expensive 
fabs, so we can invest where it really 
counts: in device improvements. 

We have the largest software 
team in programmable logic — half of 
our total R&D staff. 

Our goal is to automate even the 
toughest designs, till the process 
becomes just as quick and painless 
as it possibly can be. We'll also con- 
tinue to push the industry in device 

CIRCLE NO. 31 


JUST BUYING 
A LOGIC DEVICE. 
YOU'RE BUYING 
AHEAD START. 





speed and density, something we've 
done from the very beginning. After 
all, were in the best position to do 
that —our R&D budget is bigger than 
most of our competitor's revenues. 
So find out how we can help. 
Call our 24-hour literature hot- 
line at 800+231°3386 for the latest 
product information 
and the name of the 
Xilinx representative 
nearest you. We'll take it 
from there. But do it soon. 
Because these days, getting 
ahead is the only way to go. 


>. XILINX 


The Programmable Logic Company." 


©1992 Xilinx, Inc., 2100 Logic Drive, San Jose, CA 95124. Europe, 44 (932) 349401; 
Japan, 81 (3) 297-9191; Asia, 852 (3) 721-0900. Xilinx and the XC designation are 
trademarks, and The Programmable Logic Company is a service mark of Xilinx, Inc. All 
other trademarks or registered trademarks are the property of their respective holders. 
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What's the simplest way to generate a mid-rail ground 


in asingle-supply system’? 





TT's industry-first TLE2425/6 Virtual Ground Generators. 


Forget the resistors, capacitors, 
references and op amps you 
usually use. The TLE2425/6 from 
Texas Instruments are the first 
single-package devices capable 
of producing virtual grounds. 
They can source or sink 
20 mA while maintaining a load 
regulation of 150 uV (typ). Ina 
single-supply, 5-V system, the 
TLE2425 outputs an ultrastable 
2.5 V; the TLE2426 “Rail Splitter” 


EAT EN DG “YOUR: REA CH WITH’ TOTAL 


© 1993 TI ™ Trademark of Texas Instruments Incorporated 
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TLE2425/6 Overview 

@ Simple integrated solution 

@ 150-uV (typ) load regulation 

@ 20-mA drive capability (sink and 
source) 

@ 170-uA (typ) quiescent current 

@® Space-saving TO-92 or SO-8 
packages 

@ Low cost 


Virtual 


Reference 





TI's virtual ground generator provides stable 
reference for single-supply systems. 





wi TEXAS 
INSTRUMENTS 
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divides any supply, 4V to 40 V, 
in half. 

They offer a very low current 
drain (170 WA typ) and an output 
impedance of just 8 mQ. Both 
come in a space-saving three- 
lead TO-92 or 8-pin SO package. 


For a free sample pack 
and more information on the 
TLE2425/6, please circle the 
number given below on the 
reader service card. 


INTEGRATION" 


00-7474B 














Jesse H. Neal 

Editorial Achievement Awards 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 198] (2), 1978 (2), 
1977519763975 


American Society of 
Business Press Editors Award 
1991, 1990, 1988, 1983, 1981 
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Curse of the shrunken head 


My brother Chris wasn’t particularly su- 
perstitious, but he didn’t like to go close 
to my grandfather’s barn. If Mom or 
Dad asked him to go over and lock up 
the barn or get firewood out of it, he’d 
balk. Frankly, all of us kids thought the 
barn was a bit spooky, particularly at 
night, but it was a great place to play. 
One day when we were a bit older, we 
asked Chris why he didn’t like the barn. 
He said it was because of the shrunken 
head. “Shrunken head!” we exclaimed, 
“What shrunken head?” “There’s a 
shrunken head hanging in there and it’s 
scary,” he said. 

We weren’t sure whether or not to 
take a look, but we screwed up our cour- 
age and peeked in. Sure enough, there 
was a shrunken head hanging up in the 
far corner of the barn where it was dark 
and out of the way. We’d missed seeing 
it all these years. When we asked our 
grandfather about the grizzly remains 
of a headhunter’s ritual, all he could say 
was, “What are you kids talking about? 
There’s no shrunken head in the barn.” 
We insisted there was, so we decided 
on an expedition—in the company of an 
adult and in daylight—to find the truth. 

“That’s just an old ball of twine that 
got put up there when we were wrap- 
ping plants,” said Grandpa. “That was 





years ago. Looks like birds just pulled 
it to pieces for nesting materials. It 
looks a bit like a shrunken head, though, 
particularly if you’re a kid.” 

When we look at our fears in the light 
of day and in the context of everything 
else we have to do, some of them seem 
less fearsome. This isn’t meant to belit- 
tle fears that are real—the fear of hav- 
ing an operation, of facing a job layoff, 
or of losing a loved one, Yet, many of 
us go through life being worried about 
things that we can either change, or that 
don’t seem so fearful on closer examina- 
tion. If I wake up at night and toss and 
turn, thinking about things facing me 
at work or at home, I usually get up, 
write them down, and go back to sleep. 
After eating a good breakfast, the list 
doesn’t seem so terrible. Some people 
go for a walk, or work in their garden 
as ways of putting fears in proper per- 
spective. Putting fears in perspective 
often diminishes them. 

By the way, when Grandpa retired 
from the nursery business, we turned 
the barn into a clubhouse. Newcomers 
had to climb up and touch the shrunken 
head before they could join the club. 
Those who wouldn’t touch it—and never 
discovered it was just twine—had to live 
with the curse forever. Life’s like that. 


Jon Titus 
Editor 


Send me your comments via fax at (617) 558-4470, or on the EDN Bulletin Board System 
at (617) 558-4241 300/1200/2400, 8,N,1; on 9600-bps modems, try (617) 558-4580, 4582, or 4398. 
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All in a high-performance sub- 


micron BICMOS process. 

What we've done in sRAMs has 
been widely noticed, and we’ve 
become a supplier of choice to 
many of the major systems 
companies. We're cited as a top 


choice for SRAMS in a new survey 





The 1-Mb srAM 17 BiCMOS. 


PART 


KM64BI002 
KM64B1003 
KM68BI002 


ORG. 


256K x4 
256Kx4 OUTPUT ENABLE 
128K x8 


FEATURES Io ns 


NOW 


NOW 
NOW 


All with center supply pinout. 8 ns 256K available Q1, samples now. 
6 ns 64K available Q3, samples Q2. Both with corner pinout. 


of readers of Electronic Buyers’ 
News. And DataQuest has hailed 
our BICMOS products as “quite a 
technological feat.” 

To learn more about Samsung’s 
BicMos and what our comple- 
tion of the sram climb can do for 
you, please call 1-800-446-2760 


CIRCLE NO. 34 


or 408-954-7229 today. 

Or write to sRAM Marketing, 
Samsung Semiconductor Inc., 
3655 North First Street, San Jose, 


CA 95134. 
& SAMSUNG 


A Generation AHEAD. 
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Making the interface transparent 
to sub-nanosecond rise times. 


Stripline hi performance connectors. 


AMP and ACTION PIN are trademarks of AMP Incorporated. 
34 = EDN February 4, 1993 























‘Fast silicon’ (rise times] ns) requires 
strict impedance control. Conventional 
connectors give up half their pin count 
for this — a sacrifice you can do without. 
Our modular, scalable Stripline 
100 connector system can accom- 
modate edge rates of 250 ps (500 ps 
‘at <3% crosstalk), and still give you 
40 signal lines per inch — all four rows 
ona.l"x.1" grid. Reference planes 
isolate individual signal columns 
within the standard grid geometry, 
creating an interface completely trans- 


parent to high-speed logic. 

Stripline 100 connectors deliver 
more than raw speed, too. Each 
reference plane can distribute three 
amps, and sequenced mating is 
available for ground, power, and 


-two signal levels. 


Manufacturing is easier as well. 
ACTION PIN compliant posts (for 
existing 0.040" peb holes) simplify 
backplane assembly, and all materials 
are compatible with high-temp reflow 
processing. 


CIRCLE NO. 35 


Call the AMP Information Center 
near you: 
Scandinavia: 
Sweden 0758-104 00 (fax 0758-194 70) 
Central Europe: 
Holland 073-200 911 (fax 073-212 365) 
Germany 06103-709 659 
(fax 06103-709 619) 
Great Britam: 081-954 2356 
(fax 081-954 6234) 
Southern Europe: 
France 1-34 48 27 20 (fax 1-3080 4550) 
Italy 011-71781 (fax 011-773 1116) 
Spain 03-200 84 66 (fax 03-201 78 79). 


rN | 
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The ‘“‘One-Stop’”’ Source 
For All Your Display Needs 


IEE manufactures a complete line of Vacuum Fluorescent, Liquid Crystal, and 
DC Plasma displays as well as Interactive Touchscreens and Mini-Terminals. 
A few models in our extensive display family are shown below. 


Vacuum Fluorescent 


Serdridischesazees 


Aigsihics 
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e Our FLIP™ (VFD) displays are 
available in 5x 7 and 5x12 dot 
matrix types with extensive soft- 
ware features. Also available in 
wide-operating temperature 
(—40 to +85°C) versions. 
Applications: industrial, medical, 
telecommunications, etc. 


TS TTT Ta 


e Highly ruggedized ‘‘ER’’ version 
modules (with MIL components) 
are also available. 








e The ‘“‘NO-FRILLS’’™ and “‘NINE- 


TY SERIES’’™ are IEE’s low-cost 


VFDs with a high-priced ap- 
pearance and are ideal for OEM 
applications such as copiers, 
POS terminals, pay telephones, 
etc. 


‘‘industrial Strength’? FLIPs 
feature 9, 11, and 15mm 
characters, making them easy to 
read from longer distances— 
typical on factory floors and in 
PLC applications. 


Liquid Crystal 





° The DAYSTAR NOVA™ series is 
available in reflective, and EL- 
and LED-backlighted types. 
DAYSTAR NOVA is designed for 
applications where direct sunlight 
readability and ultra low power 
consumption is required. 
Operates on a single +5VDC 
supply. 

° DAYSTAR NOVAs offer the 
widest available operating 
temperature range (—30 to 
+ 85°C), a wide viewing angle 
and high contrast. Built-in 
temperature Compensation is a 
unique IEE standard feature. 


DC Plasma 
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e The ARGUS™ line offers flicker- 
free DC plasma flat panel 
technology with character fields 
up to 480, in line widths up to 
40 characters. ARGUS eliminates 
the need for bulky CRTs. 





interactive Touchscreen 





e The PEP™ (Peripheral Entry 
Panel) family offers large format 
touchscreen modules—ideal for 
menu-driven applications. 


Mini-Terminals 





e The V.I.P.™ combines a compact 
VF display with a sealed front 
panel metal dome keypad. 
Switch legends and front panel 
graphics are easily customized. 


A complete line of interface cards, 
power supplies, filters, and cables/- 
connectors are also an important 
part of our family—making IEE 
your “‘One-Stop’’ shopping source 
for all your display needs. 


MEET THE ENTIRE IEE Industrial 
Products Division family—call or 
write today for our 4-color Product 
Selector Guide. 





IEE is a sustaining member of BOD. 


INDUSTRIAL ELECTRONIC ENGINEERS, INC. 7740 Lemona Avenue, Van Nuys, California 91409-9234 (818) 787-0311 FAX: (818) 901-9046 
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External power 
supplies are no 
longer looked 
upon as low-cost, 
technically infe- 
rior products de- 
signed solely for 
consumer goods. 
Today, they are 
being accepted as 
the primary 
power source for 
a variety of ad- 
vanced products. 
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External power supplies 
enhance system 


design options 


TOM ORMOND, Senior Technical Editor 


External power supplies offer the de- 
signer the most comprehensive array of 
power-supply parameters available for 
small-package applications. As a result, 
they have become an accepted mode of 
power in many applications today. Sys- 
tem specifiers can use the units to sim- 
plify the physical design and packaging 
of their products, enhance the aesthetics 
of the product, and reduce product de- 
velopment and assembly costs. 

A number of factors are spurring the 
interest in the use of external power 
supplies. For one thing, the market seg- 
ments where external power supplies 
are particularly well suited—portable 
and hand-held equipment—are expand- 
ing. The demand for smaller and lighter 
products continues unabated, and the 
easiest way for many 
OEMs to meet these de- 
mands is to remove the 
supply from their product 
enclosure. Getting rid of 
the internal supply does 
more than save space and 
weight—it removes a 
source of hazardous volt- 
age, heat, and magnetic 
interference from the 
enclosure. The heat con- 
sideration can be crucial 
as system product de- 
signers strive to decrease 
the size of their products. 

Secondly, when OEMs 
remove the supply from 
the enclosure they no 
longer have to worry 
about meeting various 
agency safety standards 
for the supply—it’s no 
longer an integral part of 
the product. 


Customer convenience is another 
point to consider when it comes to exter- 
nal versus internal power sources. In 
an electronic product, a failure in the 
power-supply module is certainly not 
uncommon. With an internal power sup- 
ply, the customer must arrange for 
product repair, which is costly and time- 
consuming for the customer or the prod- 
uct manufacturer, if the unit is still un- 
der warranty. Using an external power 
supply eliminates such inconveniences. 
In the event of a failure, the customer 
simply replaces the supply—no special 
expertise is needed. The bottom line is 
savings in time and money. 

Another driving force is flexibility. 
The use of external rather than internal 
supplies simplifies the OF M’s task when 





MIADA Series supplies from Elpac are housed in a 3x5x2.3-in. 
molded case. The line includes 26 models with single outputs 
between 12 and 24V and power levels as high as 28W. 
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dealing in the international market- 
place. Vendors can offer the same 
product for both domestic and for- 
eign markets without having to 
worry about power-line differences. 

One final point to consider is cost. 
In many cases, manufacturers of ex- 
ternal power supplies can deliver a 
stand-alone power source for less 
than an OEM can build a supply 
into his product. 


So what’s an external supply? 


Outside of output-power capabili- 
ties, there aren’t many differences 
between external and internal 
power supplies. External power 
supplies use the same sort of compo- 
nents found in internal supplies— 
advanced power MOSFETs and sur- 
face-mount components—to pack 
more power into smaller packages. 

External power supplies are 
available in linear or switching 
types. The devices are available in 
two configurations. In one, the ac 
plug is built right into the case of 
the supply so that the plug prongs 
physically attach the case to the 
wall outlet. The second style has a 
_length of ac cord running from the 
wall plug to the power supply case 
that sits on a table or desktop. 
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A universal input of 90 to 264V ac is a 
key feature of the SW Series 48W, single- 
output supplies from Ault. Housed in a 94V- 
Q-rated polycarbonate enclosure, the de- 
vices are IEC, TUV, UL, and CSA approved 
and meet VDE and FCC Class B emission 
standards. 


Given the performance parame- 
ters listed in Table 1, system cir- 
cuitry would find it hard to deter- 
mine whether the power source is 
internal or external. Now, external 
supplies are available in single-, 


re «~ 
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dual-, and triple-output versions. 
Output voltages cover all the bases 
ranging from 5 to 48V, and power 
levels are available to handle just 
about any moderate-size applica- 
tion. One feature that is also stan- 
dard in today’s external power sup- 
plies is universal input. The major- 
ity of the units listed in Table 1 
operate from voltages of 85 to 264V 
ac without having to use jumpers 
or switches to convert the input 
from 115 to 230V operation. The 
supplies internally adjust to the in- 
put voltage automatically. 

Today’s external power supplies 
have some other noteworthy char- 
acteristics that are not shown in 
Table 1. Efficiency figures, for 
example, exceed 80% in many 
cases, and output-voltage accura- 
cies of 1% are available. External 
supplies also offer a good deal of 
protection features as standard. 
Practically all units include overcur- 
rent and overvoltage protection; 
some supplies even offer overtem- 
perature (with automatic reset) pro- 
tection as standard. MTBF figures 
of 100,000 hours are not uncommon, 
and some of the supplies have 
shown MTBF figures approaching 
1 million hours. 
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the new abbott SM200. 


¢ Highest density in a military power supply 
e 50 Watts per cubic inch 

e Size: 61mm W x117mm L x 138mm H 

¢ Power limit: up to 280 Watts 

e Fixed frequency; no derating 


¢ Temperature range of operation: 
-55°C to +100°C 


e Extended input voltage range: 11-40Vdc 

e Output: 5, 12, 15, 24, 28Vdc; sync pin, trim pin 
e OVP, TTL included 

¢ Remote Error Sensing 

¢ Qualifications: Mil-Stds 704D, 810E, 901C 

e Board-mountable 

e Readily available, off-the-shelf military 

e Price: very competitive 











the sun. 


e Highest density in the solar system 

e 500,000,000,000,000 Watts per cubic inch 
e Size: diameter = 1,382,400 km 

¢ Power limit: undetermined 

e Variable frequency; derating nonverifiable 


¢ Temperature range of operation: 
+5500°C to +15,000,000°C 


e Extended input voltage range: 1-10*°Vdc 

e Output: unchanneled; scattered dispersion 

e Output protections: shade, sunscreen 

e No system of error sensing/detection 

e Mil-Std qualifications: none 

e Board-mountable: not 

e Readily available; not deliverable in unit form 
e Price: very expensive 


COMPARE OUR VERY-HIGH-DENSITY 
POWER SUPPLY WITHITS 


CLOSEST COMPETITOR. 


While the competition is admittedly tough, a closer look at the specs should 
serve to convince even the most sceptical reader of the many practical 
benefits of our new SM200 very-high-density power supply, 
which, despite its shorter track record, in reliability 
is second to — only one. 


le) elejii 


when reliability is imperative® 
\bbott Electronics Ltd., Brunswick Road, Cobbs Wood, Ashford, Kent, TN23 1EB, England ¢ Telephone 0233 623404 ¢ Fax 0233 641777 


CIRCLE NO. 38 


EDN February 4, 1993 = 41 > 








EXTERNAL POWER SUPPLIES 


The enclosures used in today’s 
external supplies actually enhance 
supply reliability. With the supply 
sitting out in the open, the enclo- 
sure must be able to handle impacts 
and maintain structural integrity. 
Many of the listed units use polycar- 
bonate materials that carry a 94V-0 
UL rating. 


Safety is important 


There has been a shift in manu- 
facturing philosophy over the last 
decade regarding product power 
sourcing. Historically, power condi- 
tioning modules were built into the 
product, and a simple line cord sup- 
plied ac power to the product. To- 
day, many OEMs design their prod- 
ucts to operate on low voltage— 
typically 24V or less. External 
power supplies can readily supply 
these voltages directly. 

Safety approvals from agencies 
such as UL, CSA, FCC, VDE, and 
IEC are vital to the success of any 
product that derives its power from 
a wall outlet. Depending on the so- 
phistication and application of the 
product, the fees for agency ap- 
proval can be substantial. Anytime 
the product is modified, the regulat- 
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Autec’s UPS20P Series 20W supplies are available in both single- and dual-output versions. 
A universal input ensures compatibility with any power mains throughout the world. 


ing agency must be notified. In 
many instances, the agency will re- 
quire a resubmission of some kind. 
This means more engineering time 
and more fees for the agency. 

It’s obvious that approvals can be 
costly. Anytime a product is 1m- 
proved, the price tag for the modifi- 
cation could involve a good deal 
more than the cost directly related 
to the engineering change. There- 
fore, as the data in Table 1 illus- 
trates, external power supplies can 


create molehills out of mountains 
when it comes to safety. 
Manufacturers of external power 
supplies essentially gain preap- 
proval of OEM end products for the 
manufacturer by engineering stan- 
dard approvals into their power- 
supply designs. External power 
supplies that are internationally ap- 
proved reduce the need for full sys- 
tem approval in many areas. Manu- 
facturers can shorten their develop- 
ment cycle by either reducing (or 
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FIND YOUR APPLICATION 
ON THIS CHART 
AND GET A FREE ISR” 


*Integrated Switching Regulator 
Applications 









| VOLTAGE CIRCUIT APPLICATIONS = INDUSTRY APPLICATIO! 


components. They 
are available with 
output currents of 


If you're design- 
ing battery-pow- 
ered products or 


products using 1 Amp, 2 Amps, 
distributed power, and 3 Amps and 
you need a small output voltages 
efficient, and easy- that are laser 
to-use power con- trimmed to 

verter. You need industry standard 
one of Power ratings from 3.3V 
Trends’ unique , — to 15V. They 
“ISR’s”—Integrated feature small 
Switching Regulators—that are as easy-to- == —_—_—_footprint and superior power density, 


providing such typically high efficiencies as 
85% for a 5V output at 1.5 Amp load. 
For complete specs on all models, send 
Packing a high degree of integration into for a copy of our new full-color 20-page 
a square inch of space, these Power Trends’ Fe Catalog. For a free sample, write, phone or 
ISR’s minimize the need for external _— FAX us your application information. 


F, 


POWER TRENDS” 


Power Trends, Inc. 1101 North Raddant Road, Batavia, IL 60510 ¢ (708) 406-0900 * FAX (708) 406-0901 3 
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use as linear 3-terminal regulators but 
perform like the more expensive DC-to-DC 
converters. 











Melcher DC-DC Converters 
tor Rugged Applications 


M-Series 

¢ 50 W output power IEC 68: 5 g vibration, 100 g shock 

* One, two or three outputs ¢ RFI: VDE 0871 <B 

° Safety according to EN 60950, ° Ripple voltage at 5 V output: 6 mV typ. 
IEC 950, UL 1950 ¢ Features and options: Inrush current 

¢ 5:1 Input Voltage range limitation, remote on/off, programmable 
(i.e. 8-35; 20-100; etc.) output voltage 0...110% of Vo nom 

° Input transient protection to voltage monitoring/data save signal 
IEC 255.4, IEC 571, IEC 801, RIA 12 ¢ Aluminum case fully enclosed 

¢ Environmental conditions: operational Cassette type: 3U x 8HP VME 


temperature -40...71°C; and as per 


Supplying great Performance 








MELCHER Inc., Chelmsford, MA 01824 
(800) 828-9712, Fax (508) 256-4642 
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A wall-mounted switcher, the CPS1121 
from Custom Power Systems delivers 112W 
at 28V dc. The unit operates over a 0 to 
50 C range with no derating and includes 
short circuit, overvoltage, and overtemper- 
ature protection as standard features. 


entirely eliminating) regulatory 
agency approval times. Last minute 
design changes can be made with- 
out having to go through an agency 
resubmission process. 

So what lies ahead for the exter- 
nal power supply? In the future, 
there will be a need for a quick- 
change environment or redesign-at- 
will capability. This trend will con- 
tribute to the escalating use of ex- 
ternal power supplies. In addition, 
the obvious benefits of down-sizing, 
heat reduction, and increased sys- 
tem flexibility will increase the de- 
mand for quality external power 
supplies. EDN) 
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Now Available 





igitligh Speed 


Cache RAM uP Support for 5.0 or 3.3V Applications 
Plus a 3.3 to 5.0V Bidirectional Translator 





5.0V P4C218 Cache RAM 


With wide-word, on-chip address latch, high and low byte 
controls, low standby power, 13ns access time including delay 
through the on-chip latch, Performance Semiconductor offers 
you a versatile, low part count solution for 40MHz primary and 
66MHz secondary caches. For use with multiplexed address- 
data buses, or as general-purpose static RAM with ix86, MIPS 
R3000A, and R4000 processors. The P4C218 is available VOW 
in standard JEDEC 52-pin PLCCs. 


3.3V P3C218 Cache RAM 


Performance’s P3C218, which operates with 3.3V power sup- 
plies, reduces switching noise and power dissipation by over 50 
percent compared to its 5.0V counterpart, yet it has the same 
access times. The P3C218 is the Cache RAM of choice for 
battery-operated portable computers and high-speed processors. 


P74FCT3384 3.3V/5.0VBidirectional Translator 
For mixed supply systems, Performance Semiconductor now 
offers the P74FCT3384, a zero delay, 3.3V to 5.0V bidirectional 
translator that provides a set of ten high-speed CMOS/TTL- 
compatible switches which allow interfacing of 3.3V and/or 5.0V 
components within an application without adding propagation 
delay or ground bounce noise. Performance’s FCT3384 is sup- 
plied in surface mount SOIC, PDIP, and the super tiny SSOP150 
for notebook or palm top applications. 





InU.S. call 408 734-9000 for more information on Ultra-Fast SRAMs & High-Speed Logic. In Europe call 44-256-59585 (U.K.) 
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PERFORMANCE 


SEMICONDUCTOR CORPORATION 


610 East Weddell Drive, Sunnyvale, California 94089 
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MC68LC040. MC68040 





1 or 4 MB DRAM 


VME Interface 

Of course you can. And we'll even help you. With the you like with that? 
new MVME162 Embedded Computer. Decisions, decisions. And they’re all yours. 

The MVME162 is modular. Adaptable. So that you can About the only thing that’s not optional is Motorola’s 
select the exact functionality you want, without paying unmatched single board computer expertise, break- 
for features you don’t need. through engineering, outstanding performance and 

Now, would you like your MVME162 with a 68040 unwavering commitment to quality. 
CPU (with floating point) or a 68LC040 CPU (no floating That's standard with every board. 
point)? VME bus or no bus? One, two, three, or four With all that the MVME162 offers you, the easiest 
IndustryPack™ modules? Synchronous or Asynchronous decision is the one 
serial ports? Ethernet or SCSI? IMB DRAM or 4MB? to call one of the (AA) MOTOROLA 
512K or 2MB of SRAM? And what other functions would numbers below. Computer Group 


BELGIUM 32-2-718-5582 ¢* FRANCE 33-1-4095-5900 * GERMANY 49-40-236204-0 * ITALY 39-2-8220-239 
SCANDINAVIA 46-8-734-8800 * SPAIN 34-1-345-8005 * UNITED KINGDOM 44-628-39121 


Motorola and the ® are registered trademarks of Motorola, Inc. IndustryPack is a trademark of GreenSpring Computers, Inc. ©1992 Motorola. All rights reserved. 
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The best way to 
avoid timing 
problems at the 
end of a design is 
to use tools and 
methods from the 
start that help 
you meet your 
timing con- 
straints. 
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Boost programmable logic 
performance with 
timing-driven tools 


DOUG CONNER, Technical Editor 


Of all the difficulties associated with 
choosing and using high-density pro- 
grammable logic, whether field pro- 
grammable gate arrays (FPGAs) or 
complex PLDs, meeting speed goals is 
often at the top of the list. Timing- 
driven design tools won’t necessarily 
make speed problems go away, but they 
may help you extract better perform- 
ance with less effort. 

To understand timing-driven design 
tools and the benefits they offer, it’s 
worthwhile to examine each step in the 
design process. By doing so we can try 
to sort out some of the general differ- 
ences due to programmable logic archi- 
tectures, and how the results differ be- 
tween timing-driven and nontiming- 
driven tools. Each step in the process 
may be performed by automatic tools 
or the designer may perform them 
manually or interactively. 

The programmable-logic design proc- 
ess from the point of view of timing can 
be broken down into four steps (see Ta- 
ble 1). The first step is 
to create the logic design 
using whatever methods 
are available and appro- 
priate (VHDL, schematic 
entry, logic equations, 
etc) for your design. The 
second step is to map the 
logic into the logic-cell 
types of the programma- 
ble-logic architecture you 
have chosen. Next, you 
place the mapped logic 
into specific logic cells. . 
The final step is to route 
the connections. 

Each step in the design 
process affects the final 
timing, so you can’t know 
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the design. 





what the timing is until the final routing 
step is complete. To add even more 
confusion, the timing effects at each step 
depend significantly on the programma- 
ble-logic architecture and the design 
tools you’re using. 

Even before you begin the logic de- 
sign, you need a timing specifica- 
tion from which you can create solid 
timing constraints. An overall timing 
specification may boil down to a clock 
speed for getting data through one part 
of a system and into another. A speci- 
fication may even be at a higher level, 
stating you need to perform some func- 
tion on a set of data within a certain 
amount of time. In this case a clock 
speed would depend on whether you 


_ perform the function serially or in par- 


allel. 


Logic architecture 

The first stage of timing-driven de- 
sign is using this high-level specification 
to come up with an architecture that 
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XACT-Performance from Xilinx is a timing-driven place and route 
tool that lets you place your timing on the schematic as you create 
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will perform the function in a sat- 
isfactory amount of time. 

Whether you’re using a hardware 
description language and logic syn- 
thesis tools, equations, or designing 
at the schematic level, the basic ar- 
chitecture you or the synthesis tool 
develops will have a major impact 
on the timing of the system. Al- 
though the logic design has a sig- 
nificant effect on the design’s final 
timing, the mapping, placing, and 
routing steps will add effects too. 

Without timing estimates you'll 
need to perform many iterations 
through the entire design process 
to meet the timing constraints. All 
timing-driven design tools must 
have a way to estimate the effects 
a design decision will have on the 
timing of the design. The tools try 
to perform each step in the design 
process using timing estimates to 
control the design process to meet 
the timing constraints. Nontiming- 
driven design tools either have no 
mechanism for adjusting the design 
process to meet timing constraints 
or only do so indirectly. 

Consider a design requiring a 32- 
bit adder. One of the simplest and 
most space-efficient implementa- 
tions may be a 82-bit ripple-carry 
adder. A 32-bit ripple-carry adder 
is also relatively slow, requiring at 
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Fig 1—The logic mapping shown places the late arriving signal in the most forward 
location, minimizing the effect of an added logic level on timing. The case shown represents 
a fine-grained FPGA architecture, but the same considerations apply to designs using 


multiple logic levels in complex PLDs. 


least 32 logic-level delays, perhaps 
more on a fine-grained architecture. 
On some programmable logic archi- 
tectures you won’t know how many 
logic levels the device requires until 
you or the software tools have 
mapped the design. Although the 
ripple-carry adder is relatively 
slow, it may be fast enough for your 
design. You can add carry look- 
ahead logic to the adder and speed 
it up, but to do so unnecessarily will 
waste resources. You won’t know 
unless you can estimate or compute 
the timing performance. 


Logic mapping 

Even an estimate of the timing 
requires knowledge of how many 
logic levels are in a path. Fortu- 
nately, fitting or mapping logic into 
a programmable logic architecture 


is typically a fast operation. You 
may have the information available 
as you design, especially if you are 
designing at the schematic level. 
Many FPGA design tools provide 
macros that have predefined logic 
mapping. Complex PLDs with sum- 
of-products architectures can usu- 
ally fit a large amount of combinato- 
rial logic in a single level, simplify- 
ing timing estimation. 

Although mapping is relatively 
straightforward, it can have an im- 
portant effect on critical timing, es- 
pecially when the path contains 
more than one logic level. Fig 1 
shows a simple example of how 
mapping affects timing. If you can 
bring in late arriving signals as far 
down a path as possible, you can 
avoid additional logic-level delays. 

Note there are several reasons 
one signal may be later arriving 
than another. If one signal is later 
because it had to traverse more lev- 
els of logic than another, relatively 
simple mapping software should de- 
tect it and make the correct design 
decision. If a signal is later than 
another because it is the last bit to 
change in a counter down-counting 
to zero, you probably can’t expect 
simple mapping software to detect 
it and map the design appropri- 
ately. Intelligent synthesis tools or 
the designer probably have to take 
care of this situation. 

Once you have mapping informa- 
tion, you know how many logic lev- 
els a design uses. Returning to the 
example of a 32-bit adder used ear- 
lier, after mapping you know how 
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many logic levels are necessary to 
perform the 32-bit ripple-carry add. 
Using additional information such 
as logic propagation delays and 
typical interconnect delays for the 
device you're using, you can com- 
pute the typical time required for 
the adder to perform an add. 

Data sheets for FPGAs can give you 
some typical logic-propagation and 
interconnect-delay information. 
Usually the logic-propagation delay 
based on fanout is relatively accurate. 
Typical interconnect delays vary con- 
siderably depending on the architec- 
ture. The classification of FPGAs cov- 
ers a variety of architectures, some 
of which have more consistent and pre- 
dictable interconnect delays than 
others. Examining the data sheets 
carefully will yield information on 
interconnect timing variations. 

Another way to gain useful in- 
sight into routing delays is to exam- 
ine in detail an automatically placed 
and routed design that uses up a 
substantial portion of the FPGA. 
Then you can see interconnect tim- 
ing variations on a real design. 

After mapping, but before place 
and route, fixed-routing-delay ar- 
chitectures offer much tighter esti- 
mates on timing. FPGAs and com- 
plex PLDs all offer more than one 
method of routing and have differ- 
ent delays associated with the dif- 
ferent routing methods. 

Even though placement affects 
the timing on complex PLD arch- 
itectures, they have the most pre- 
dictable and easiest to estimate tim- 
ing in the design process. 

If all this talk about estimating 
timing delays leaves you feeling 
that timing information is too inde- 
terminate, you have an option on 
some programmable logic archi- 
tectures. You can create hard mac- 
ros for timing-sensitive parts of a 
design by placing and routing the 
macro logic on the device. The hard 
macro fixes the logic cell’s intercon- 
nects and provides fixed timing. 
Devices with a regular structure of 
logic cells and interconnects let you 
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move the hard macro anywhere on 
the device and maintain fixed timing. 

Continuing with the example of 
a 32-bit adder, once you map the 
design, estimate the timing, and 
add carry look-ahead stages if nec- 
essary to meet the timing con- 
straint, you’re ready to proceed to 
the place and route steps. Timing- 
driven design tools usually try to 
use resources to meet, but not to 
significantly exceed, the timing 
specifications. Good design requires 





but some will have long connec- 
tions. If you are using interactive 
placement tools for an FPGA de- 
sign, you try to do much the same 
thing that automatic placement 
tools do, except you can put empha- 
sis on keeping speed-critical logic 
close together. 

With complex PLDs, the place- 
ment stage is relatively easy be- 
cause placement within certain 
zones will have fixed timing. Some 
complex PLD architectures, such as 
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Timing-driven place-and-route tools that integrate data from top-level design through 
place and route, such as this one from Quicklogic, let you see exactly how automatic 
tools implement the design. 


a give and take of resources so a 
complete design will meet its speci- 
fications. 

Before looking at the details of 
timing-driven _place-and-route 
tools, let’s examine how nontiming- 
driven place-and-route tools per- 
form the operation. At the place- 
ment stage, automatic tools try to 
place logic in cells that are near 
other cells they connect with. 

For FPGAs, the process is simi- 
lar to placing components for a pc- 
board design. You can usually get 
most of the components to place 
with reasonably short connections, 


Lattice Semiconductor Corp’s 
(Hillsboro, OR) pLSI devices, have 
very small placement-dependent 
timing effects. Others have place- 
ment dependencies that resemble 
multiple, small, sum-of-product 
PLDs. Connections within one of 
the small PLD blocks will have one 
short interconnect delay. Connec- 
tions that span between blocks will 
have a longer interconnect delay. 
The next step is routing the de- 
sign. On complex PLDs, once place- 
ment is complete, routing is a fast 
and automatic process whose effects 
on timing are already determined. 





Look in almost every office 
and you'll find a twisted pair 
outlet right on the wall. But look 
for an efficient IC solution to 
_make your PC design Ethernet-’ 
_ready and it could drive you 
right up the wall. 

Unless you look to AMD. 
Our new PCnet-ISA—a true one-chip Ethernet 
controller—gives you the integrated features 
you need to make your next PC Ethernet-ready. 
So you get a complete 1|OBASE-T design in less 
than five square inches of real estate. 

PCnet-ISA is going to save you more than 
just space. Since your total solution will run you 
less than $25 in volume, PCnet-ISA will shine on 
the bottom line. 

You'll also save design time, because no ad- 
ditional memory is needed. And you'll deliver higher 
performance, because data transfers directly to 
the host memory, instead of through a local buffer. 

The software's ready to go too. Driver support is 
already available for Novell NetWare® Microsoft 


ghiamehy: 





AMD's complete PCnet-ISA solution 
covers less than five square inches. 





LAN Manager, Banyan Vines? Artisoft LANtastic® 
SCO UNIX? and others. : 
AMD has over [5 years of experience in net- 
working. PCnet-ISA is yet another in a long line 
of networking IC solutions from AMD for both 
Ethernet and FDDI LANs. Our cooperative part- 
ners include such industry leaders as DEC, HP 
and SynOptics. So when you're working with any 
of AMD's networking solutions, you'll get the 
engineering support you need just by picking 
up the phone. 

And when you're ready to go to work with 
PCnet-ISA, just contact your nearest distributor, 
listed below. Then plug into a networking leader 
called AMD. 


CIRCLE NO. 43 


“ 


Advanced Micro Devices 


901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1992 Advanced Micro Devices, Inc. 
PCnet is a trademark of Advanced Micro Devices, Inc. All brand or product names are trademarks 
or registered trademarks of their respective holders. 





For more information write "PCnet-ISA" on your letterhead and mail to, in Europe: AMD Mail Operations, P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom; in Asia: Advanced Micro Devices 
Far East Ltd., Rm. 1201-2 Harcourt House, 39 Gloucester Road, Hong Kong; in Japan: AMD Japan Ltd., Shinjuku Kokusai Bldg., 6-6-2 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 


International Sales Offices: Antwerpen (03) 248 43 00; Frankfurt area (06172) 240 61; Hong Kong 86 54 525; London area (0483) 740 440; Manchester area (0925) 830 380; Milano (02) 353 32 41; Miinchen (089) 41 14-0; 
Osaka (06) 243 32 50; Paris (1) 49 75 10 10; Seoul (02) 784 0030; Singapore (65) 348 11 88; Stockholm (08) 98 61 80; Taipei (02) 715 35 36; Tokyo (03) 334 67 550. 
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TIMING-DRIVEN DESIGN TOOLS 


FPGAs, or more specifically, pro- 
grammable logic with channel- 
routed architectures, still have de- 
sign work ahead that affects timing. 

Nontiming driven tools attempt 
to connect all nets with as short a 
delay as possible while still fully 
routing the device. If the design 
automatically places and routes 
with timing that meets your needs, 
you are in good shape. If not, you 
usually have two general ap- 
proaches. You can go back and pri- 
oritize nets to make critical nets 
have shorter delays. Or, you can 
use interactive tools to alter the 
placement or routing of the design. 

Prioritizing nets is usually done 
one of two ways. One way is that 
you actually list nets in the order 
you want them routed (or at least 
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those nets which you consider criti- 
cal). The other way is to give nets 
some criticality rating that places 
them in groups of different priority. 

Prioritizing nets works well in some 
cases for reducing interconnect de- 
lays, especially when the percent- 
age of nets that need to be very 
fast is relatively low. You obviously 
have to be realistic in your expecta- 
tions. You probably can’t expect 
50% of the nets to have the shortest 
possible delay. Also notice what the 
delay times are before trying to re- 
duce them. If you are already get- 
ting the shortest interconnect delay 
the FPGA architecture can offer, no 
amount of prioritizing is going to fix 
the problem. You need to alter your 
logic design for greater speed or 
move the design to a faster device. 


Achieving timing goals by priori- 
tizing nets has two interrelated de- 
ficiencies that timing-driven place 
and route tools avoid. First, timing 
constraints are seldom net based. 
Usually they are path based. In a 
synchronous design (see Fig 2) 
youre concerned about the delay in 
a path between registers, not the 
delay in a particular net. 

Timing-driven place-and-route 
tools let you specify delays based 
on paths and then try to create a 
placement and route that achieves 
the timing. The paths may be as 
short as a single net or as long as 
you need. Some timing-driven 
place-and-route tools such as those 
available from Xilinx and NeoCAD 
let you specify clock frequency and 
input and output paths, reducing 


©1992 Heurikon Corporation 


Heurikon's Integrated 


VME Systems 
help you... 


Get a Grip 
on Real-time 


Your success depends on having a firm 
grasp on today’s technologies and per- 
formance choices. You need the flexibili- 
ty to use either standard or custom con- 
figurations and effective integration of 
both hardware and software. 


Heurikon provides you with a total solu- 
tion capability. Whether you use VME 
or a proprietary platform we deliver 
Real-time performance that has been 
extensively tested like no others in the 
industry. We don't stop at just the hard- 
ware either. By also providing compre- 
hensive support for multiple operating 
systems, we offer you a single point of 
responsibility for both your hardware 
and software needs. 


Call for more information and youll get 
more than a handle on the problem, 





you Il get a grip on the solution. 


Solutions 


1-800-356-9602 


HEURIKON 


1-608-831-0900 * FAX 1-608-831-4249 « E-mail: info@heurikon.com A COMPUTER PRODUCTS COMPANY 
CIRCLE NO. 44 EDN February 4, 1993 = 53 











EDN-TECHNOLOGY UPDATE 





TIMING-DRIVEN DESIGN TOOLS 


the need to specify every path in a 
synchronous design. 

The second problem with using 
net priority to meet timing con- 
straints is that you are using an in- 
direct method to specify the timing 
you want. Using net-prioritizing 
methods, you may be able to create 
a place and route that meets the 
same timing constraints as you 
would with a timing-driven place- 
and-route tool. However, it’s un- 
likely you’ll be able to create the 
proper net priorities without sev- 
eral iterations. Timing-driven 
place-and-route tools let you specify 
system timing goals directly. 

Going back to the 32-bit adder ex- 
ample, if you used a simple ripple- 
carry adder, you'd specify the tim- 
ing constraint for the full path 
through the 32-bit adder. The time 
spent adding each bit isn’t critical 
as long as the total path time was 
less than or equal to what you re- 
quire. With a prioritizing scheme 
you have relatively indirect control. 
You could make every net in the 
path high priority, but that might 
be wasteful of fast interconnects. 
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Fig 2—Timing constraints are typically path- based, not net-based. In the simple example 
shown, the paths between registers are two to four nets long. Timing-driven tools let 
you specify path timing directly rather than trying to use net priorities. Individual net 
delays aren’t important provided the design meets path delay constraints. 


Timing-driven place-and-route 
tools try to achieve a placement and 
route that meets timing con- 
straints, but does not waste fast 
routing resources unnecessarily. If 
a path is much faster than neces- 
sary, the place-and-route tool may 
have used resources that another 
critical path needs. Perhaps the 
place-and-route tool could use 


SST 
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Timing-driven place-and-route tools that integrate data from top-level design through 
place and route, such as this one from Quicklogic, let you see exactly how automatic 


tools implement the design. 
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slower routing resources or the 
logic cells associated with the path 
could be placed in different loca- 
tions to offer shorter delays for 
other critical timing paths. 

The specific algorithms used by 
timing-driven place-and-route tools 
are proprietary, but some general 
information will give you an idea 
of how they can achieve design im- 
provements. 

Slack time is a common concept 
in timing-driven design tools. It’s 
used by both logic-synthesis and 
place-and-route tools. Once you’ve 
designed the logic and mapped it 
into the logic cells of the device ar- 
chitecture, you know how many lev- 
els of logic are in each path and the 
logic propagation delays. A timing 
analyzer estimates the typical inter- 
connect delay. 

Using the estimated timing infor- 
mation, the software can compute 
the slack time for each path which 
is the maximum path-timing con- 
straint minus the typical path de- 
lay. The software can also compute 
the average slack time per net by 
dividing the path slack time by the 
number of logic levels. If slack time 
is negative, the software can imme- 
diately flag the timing constraint as 
being tight. Slack time estimates 
based on the minimum interconnect 


Before we 
call them 











they have to 
Leow pass the test. 


Before reaching the market, each 
Heurikon design must pass a rigorous 
battery of tests we call the Gauntlet. 
Our Gauntlet ensures the reliability, 
speed, and multi-processing perform- 
ance of every new Heurikon board 
and system designed. Such scrutiny 
is well above industry standards, 
assuring that Heurikon technology 
will provide you a solution, not 
another problem. 


When you need a complete 
solution, you can select from 
a range of boards or fully inte- 
oe ee : grated systems. From VME to 
i ee ee | fg} custom, RISC to CISC, I/O 
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also available to meet unique 
specifications. We can modify 
hardware or software, integrate 
third party hardware or even 
modify an enclosure. 


For more information on real- 
time solutions for real-time 
applications, call our toll free 
number. At Heurikon it runs 
the Gauntlet before we call it 
your solution! 


1-800-356-9602 


HEURIKON 


1-608-831-0900 * FAX 1-608-831-4249 « E-mail: info@heurikon.com A COMPUTER PRODUCTS COMPANY 
CIRCLE NO. 45 EDN February 4, 1993 = 55 


©1992 Heurikon Corporation 





TIMING-DRIVEN DESIGN TOOLS 


For more information... 


For more information on the timing-driven design tools discussed in this article, 
circle the appropriate numbers on the Information Retrieval Service card or use 
EDN’s Express Request service. When you contact any of the following manufac- 
turers directly, please let them know you read about their products in EDN. 


Crosspoint Solutions 
5000 Old Ironsides Dr 
Santa Clara, CA 95054 
(408) 988-1584 

FAX (408) 980-9594 
Circle No. 351 


Exemplar Logic 

2550 Ninth St, Suite 102 
Berkeley, CA 94710 
(510) 849-0937 

FAX (510) 849-9935 
Circle No. 352 


Mentor Graphics 
8005 SW Boeckman Rd 
Wilsonville, OR 97070 
(503) 685-7000 

FAX (503) 685-1202 
Circle No. 353 






NeoCAD 

2585 Central Ave 
Boulder, CO 80301 
(303) 442-9121 

FAX (303) 442-9124 
Circle No. 354 


Quicklogic 

2933 Bunker Hill Lane 
Santa Clara, CA 95054 
(408) 987-2000 

FAX (408) 987-2012 
Circle No. 355 


Synopsys 

700 E Middlefield Rd 
Mountain View, CA 94043 
(415) 962-5000 

FAX (415) 965-8637 
Circle No. 356 


Xilinx 

2100 Logic Dr 

San Jose, CA 95124 
(408) 559-7778 

FAX (408) 559-7114 
Circle No. 357 
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delay can flag timing constraints as 
being impossible to meet with the 
current design. It won’t waste time 
trying to place and route a design 
to meet an impossible constraint un- 
less you direct the tool to just do 
the best it can. 

Timing-driven design tools, 
whether at the architectural level 
or the place-and-route level, can use 
their timing-estimation capabilities 
to flag timing problems early so you . 
can find and resolve timing prob- 
lems earlier in a design. A logic- 
synthesis tool may change to a 
faster architecture to meet the tim- 
ing constraint. 

Armed with slack-time informa- 
tion for the paths, logic placement 
and routing priorities are reason- 
ably clear and the automatic place- 
and-route tools can go to work. 
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Get It Fast! 
Realtime, 
Real UNIX* 


System developers demand 
VENIX™ the realtime UNIX OS 
for Intel® 386's and 486's. Your 
application will benefit from a de- 
terministic VENIX OS with a fully 
preemptable kernel, asynchro 
nous I/O, memory locking, and 


For example, Crosspoint’s tim- sive, especially if you aren’t spend- 
ing-driven place-and-route tools for ing time interactively improving de- 
its FPGA architecture obtain opti- signs. Some of the companies con- 
mum performance by packing logic _ tacted for this article claim numbers 
with plenty of slack time close to- ranging from a conservative 10 to 
gether. The routing software can 380% improvement to numbers 
resolve routing problems due to greater than 2x on specific designs. 
dense connection density by using If you are already spending time 
slower interconnect paths without interactively improving the place- 
violating the timing constraints. ment and routing of designs, you 
The software places logic with mini- may see the gain more in design 


a contiguous file system. 
| The complete VENIX/386 
development system and 
documentation is only 


mal slack time loosely in the logic time saved rather than absolute $3590. 
cells, providing abundant fast inter- performance gains. fer | |] NASA, Boeing, and GE fly with 
connect resources. VENIX. Your application will too. 


Of course timing-driven place- 
and-route tools may fail to meet 


Y VenturCom 


Industrial Strength UNIX 


your time constraints, but if they USA: (617) 661-1230 
do, they flag the problems so you FRG: (49) 30 391 8057 Japan: (81) 3 3502 5560 
immediately can find the trouble. a HK: (852) 861 2282 Korea: (82) 2 579 5437 
I Gea Artiel : India: (91) 22 287 5907 Sweden: (46) 8 88 22 30 
mprovements in timing perform- rticle Interest Quotient India: (91) 812 533622 Switz: (41) 1 740 4108 
ance when using timing-driven de- (Circle One) ete bs cal a el 
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coordinates multiple simulators | 


You’ve designed a circuit, and you 
need to simulate different parts of 

But one simulator won’t do 
everything you need to do or coordi- 
nate one kind of simulation with an- 
other. For example, you may want 
to simulate a critical path with a 
switch-level simulator, a section of 
random logic with a gate-level simu- 
lator, a state machine with a state 
simulator, and a register block with 
a behavioral simulator. Your op- 
tions are limited. 

You have two basic solutions. 
The most common is to simulate 
each piece separately. You can then 
build an appropriate model of each 
piece for subsequent simulations to 
run with other tools; or, you can 
mentally extrapolate the results for 
the subsequent simulations. How- 
ever, because neither approach 
closes the loop between simulation 
and model, or simulation and ex- 
trapolation, they are both suscepti- 
ble to errors. An alternate approach 
is to use hybrid simulators that may 
combine the capabilities of two 
simulators—most commonly switch- 
level (analog) and gate- or behav- 
ioral-level (digital) simulators. 

Simulation backplanes or frame- 
works, introduced about three 
years ago by Mentor Graphics and 
Teradyne EDA (now Quickturn 
Systems), promised mixed-mode 
(analog/digital) and mixed-level 
(structural/behavioral) simulation 
capability by coordinating multiple 
simulators running concurrently. 
The technology had two limitations: 
The simulation-backplane vendor 
had to supply an interface for the 
particular simulators you wanted to 
use; and you had to partition your 
design among the appropriate simu- 
lators. In addition, the technology 
may not have made the best use 
of existing networked or mul- 
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tiple CPU hardware resources. 

Simbus, a simulation backplane 
from Viewlogic Systems, addresses 
these partitioning and hardware- 
resource problems. Using auto- 
matic and semiautomatic modes, 
the software-based backplane iden- 


ask each other whether they need 
to exchange information. The soft- 
ware can also start individual simu- 
lator processes on multiple CPUs. 
The software thus operates effi- 
ciently on multiprocessor computer 
systems. On a network, Simbus 





Fig 1—Simbus coordinates and reconciles multiple, concurrently operating simulators. Thus, 
you can choose the most appropriate simulator to evaluate each portion of your design. 


tifies appropriate partitions using a 
master netlister, which interprets 
the design data and invokes subnet- 
listers for each simulator available 
on the backplane. Finally, to facili- 
tate data transfer between individ- 
ual simulators, the software inserts 
the appropriate interface logic be- 
tween the various netlists. 

The software uses available com- 
puter resources through two faci- 
lities. On a single-CPU system, sem- 
aphores signal the need for simula- 
tors to exchange data, rather than 
using a more wasteful polling 
scheme that requires simulators to 


uses Unix sockets to monitor avail- 
able computer resources and net- 
work loading. Viewlogic’s testing 
has shown a 4 to 6% typical (10% 
worst-case) performance degrada- 
tion over single-simulator runtimes 
on network-based operation. 

The simulation backplane synchro- 
nizes all the various simulators via an 
event queue inside Simbus. The soft- 
ware converts all events to the Sim- 
bus queue and maps all converted 
events to each simulator’s own 
event queue or system of equations. 
A benefit of these conversions is the 
greater accuracy and speed that re- 


sults from every simulator’s “know- 
ing” what every other simulator is 
doing without having to back up. 

The software allows you to 
choose your interface. If you are 
comfortable with the interface from 
a particular simulator, you can 
launch simulations from that tool, 
or you can use the individual inter- 
faces for each of the simulators. 

Although designers have always 
preferred to use the most powerful 
simulator for a project, their exist- 
ing model libraries have often acted 
as an impediment to changing their 
current simulator. The high cost of 
redeveloping models for a new 
‘simulator has inhibited change. The 
ability to concurrently simulate old 
models on your current simulator 
and new models on the next-genera- 
tion tool may lower that resistance. 

Available now, interfaces to Sim- 
bus are written for Viewlogic’s in- 
terpretive and Vantage Analysis 
Systems’ compiled VHDL (VHSIC 
Hardware Description Language) 
simulators, as well as Verilog-HDL 
simulators from Viewlogic and Ca- 
dence, and Meta-Software’s HSpice 
circuit simulator. Viewlogic will 
write interfaces, which can take 8 
to 12 weeks to develop, depending 
on demand and backlog. The soft- 
ware license costs $6000. 

The company has also announced 
CAE tools running under Windows 
3.1. The suite offers design entry, 
simulation, and analysis modules. 
The software suits PLD, FPGA, 
ASIC, and system design using 
schematic capture and VHDL de- 
sign-entry formats. System re- 
quirements are 12 Mbytes of mem- 
ory and a 100-Mbyte hard disk on 
an 80386-based PC; pricing starts 
at $7500.—Michael C Markowitz 

Viewlogic Systems Inc, 111 
Northbridge Rd, #11-04/06 Penin- 
sula Rd, Singapore 0617. Phone 
(65) 336-6577. FAX (65) 339-5291. 

Circle No. 383 

Viewlogic Systems Inc, 293 Bos- 
ton Post Rd W, Marlboro, MA, 
01752. Phone (508) 480-0881. FAX 
(508) 480-0882. Circle No. 384 








MASH ~~ 
for electronic mixed mode 
multi-level simulation 


So much for the SPICE generation! We owe a lot to Berkeley’s simulator of the 70’s... 
Unfortunately less than 5 % of PCB’s are actually simulated: drastic improvements were 
needed for designing-in Total Quality-through-Simulation and they required a leap forward. 


SMASH™ is not a product of the SPICE generation, but a novel approach encompassing 
mixed mode (analog and digital) and true multi-level simulation (electrical, structural, beha- 
vioral) with FAST algorithms: it has the power of a unique and brand-new simulation engine. 
Since SMASH™ interfaces with a standard C-language compiler for behavioral simulation, it 
enables cross-compiling from any library format (VHDL™, VERILOG™...) 


Moreover, it provides the unique feature of Simulation “Trans- 
parency” to enable dynamically-varying models. Whatever the size of 
your circuit, SMASH™ can handle it on any platform with MS- 
Windows 3, Mac-OS or MOTIF-UNIX. 


With its ten thousand component PRISM library SMASH™ provides 
its users with top-productivity improvement: but above all it conveys 
the DOLPHIN labels for Friendliness, Intelligence and Total Quality! 


8, chemin des Clos Dolphin - US 
B.P. 65 ZIRST Suite 130 
38242 Meylan 3333 Bowers Avenue 
France Santa Clara - CA 95054 
INTEGRATION tel. (33) 76411096 phone: (408) 727 - 7619 
fax (33) 76 90 29 65 fax: (408) 748 - 1826 
Preferred partners: 
CAST (USA), The CAD Team (Canada), PLM (France), JETTEK, SOLJET (Taiwan)... 
SMASH™ is integrated in RUN of FORMULA GmbH for PCBs on Mac, is a member of the CHIPWARE 
Umbrella for ICs on PC and SUN, is associated with ECS of CAD CAM Group... 
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Outputs 
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Actel’s latest family of field-pro- 
grammable gate arrays (FPGAs) 
achieves performance figures com- 
parable to a PAL device while pro- 
viding the gate density and flexibil- 
ity of an FPGA. Five devices of the 
Act 3 family, which are processed 
in 0.8-~m technology, provide gate 
densities ranging from 1500 to 
10,000 gates and clock-to-output de- 
lays as short as 10 nsec. The devices 
enable on-chip 24-bit counter and 
state-machine designs exceeding 
125-MHz clock rates. 

The short clock-to-output delay 
allows signals to get on and off the 
chip quickly in high-speed designs. 
By utilizing the chip’s short on-chip 
delays you can build a 75-MHz, 24- 
bit loadable counter; a 40-MHz, 24- 
bit accumulator; a 125-MHz shift 
register; and a 125-MHz, 24-bit 
prescaled counter. The family con- 
tains more than 350 macro func- 
tions, and it has 1153 dedicated flip- 
flops. The drive current for the I/O 
buffers is 12 mA, and the devices 
have four low-skew clock networks. 

The family uses a propriety Plice 
antifuse programming-link technol- 
ogy. Unlike traditional fuse ap- 
proaches, whereby programming 
creates an open circuit, program- 
ming an antifuse creates a low- 
resistance path. Because the anti- 
fuse is smaller than a metal-to- 
metal via, the devices can accommo- 
date a large number of connections. 
For example, the A1460, a 6000- 
gate device, has 572,000 Plice anti- 
fuse elements. The ample wiring ca- 
pability makes 100% automatic 
routing possible. 

Actel has made architectural 
enhancements to its previous 
FPGA families to improve gate 
utilization. It has increased the 
horizontal tracks to 36 and the ver- 
tical tracks to 16. The enhance- 
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ments make gate utilization as high 
as 80% and logic-module utilization 
as high as 95%. Also responding to 
customer requirements for higher 
I/O, the family provides a high pin- 
to-gate ratio. The five devices pro- 
vide a range of 80 I/O pins and 1500 





The Actel 0.8-jxm Act 3 family of FPGAs 
achieves a clock-to-output delay of 10 nsec. 
The five devices have 1500- to 10,000- 
gate densities and can accommodate de- 
signs having 125-MHz internal clock rates. 


gates to 228 I/O pins and 10,000 
gates. 

You can use the company’s Ac- 
tion Logic System for quick turn- 
around FPGA designs. You can also 
use design tools from Cadence De- 
sign Systems, OrCAD, Viewlogic, 
Mentor Graphics, and Synopsis for 
your designs. The first available 
part-number and package prices 
(100) are A1425-PLCC (2500 gates), 
$79.30; A1425-PQFP (2500 gates), 
$99.60; A1460-PQFP (6000 gates), 
$272; and A1460-PGA (6000 gates), 
$342. The A1425 is available now; 
the A1460 is due in the second quar- 
ter of 1993.—John Gallant 

Actel Corp, 955 E Arques Ave, 
Sunnyvale, CA 94086. Phone (408) 
739-1010. FAX (408) 739-1540. 
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Miniature in size, but a giant when it 
comes to performance, HP’s new 
HCPL-7800 high common mode rejec- 
tion isolation amplifier is nothing 
short of revolutionary. 


We’ve used our leading optocoupler 
technology to create the world’ small- 
est high CMR isolation amplifiers— 
so small they fit in a standard 8-pin 
DIP or SMT package. Giving you a 
revolutionary alternative to Hall- 
effect sensors that provides the com- 
petitive advantage you need to meet 
today’s demand for smaller design 
solutions. 


Our new isolation amplifier also 
delivers unequaled CMR performance 


and excellent drift characteristics in 
high-noise environments, far out- 
classing standard current transformers 
and bulky Hall-effect sensors for 
current sensing. 


Its small price may surprise you, too. 


But that’ not all. HP also offers isolated 
power transistor drivers that deliver 
high output currents and a wide range 
of output voltages. Team them up 
with our new isolation amplifiers, and 
you'll have a complete motor control 
solution from one reliable source. 


All of which gives HP a big advantage 
when it comes to serving your motor 
control needs. Because now you can 
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get the smallest solutions at smaller 
prices, all with one little call to HP. 
In the U.S., call 1( 800) 227-1817, 
ext. 7251, today, for an information 
packet and to request a designer’ kit 
including a free sample. In Europe, 
fax us at (31) 20-691-5701. 


There is a better way. 


HEWLETT 
PACKARD 


In Canada, call 1 (800) 387-3867, ext. 7251. 
CG08301 
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ACCELERATE YOUR 
TIME TO MARKET 





MODULAR 


POWER SUPPLIES 


FROM 250 TO 
450 WATTS 


The Energy Series is a 
fast-track power solution 
utilizing off-the-shelf 
power modules 
configured to your 
requirements. You get 
standard product 
availability and reliability 
combined with the 
applications specific 
features of a custom. Get 
in the driver’s seat and 
accelerate your time to 
market with the Energy 
Series from Power-One. 
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NRG2/NRG3/NRG4 
250/350/450 Watts Forced Air Ratings 


or Wee! -ONE 


0.C. POWES SUPPLIES 





740 Calle Plano, Camarillo, CA 93012-8583 
Phone: 1-800-678-9445 FAX: (805) 388-0476 
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FEATURES 


¢ Fully modular design 

e Autoselect AC input 

@ Up to seven outputs 

e Wide selection of voltages/currents 
e FCC/VDE Class B EMI/RFI 

e VME compatible signals 

e UL1950 & IEC950 certifications 
¢ High power auxiliary outputs 

e Adjustable auxiliary outputs 

e Fully regulated outputs 

¢ Power fail signal 

e Industry standard mounting 


OPTIONS 


e Fan and cover 

IEEE 587 Class A and Class B 
IEC601/UL544 certification 
Custom interconnect configurations 


Fully isolated outputs 
© Current share/current monitor 
¢ Custom interface signals 
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68040-based VME64 CPU board 


sports PCMCIA, Ethernet, and SCSI-2 


If portability and customization in 
a VME64 format are important to 
you, you might consider the HK68/ 
V4D CPU board. Built around a 33- 
MHz 68040 pwP, this $4995 single- 
board computer provides a 64-bit, 
60-Mbyte/see Corebus mezzanine- 
card interface. 

The Corebus interface is where 
you plug in the optional $600 
HKCM/MIC PCMCIA (Personal 
Computer Memory Card Interna- 
tional Association) 2.0 module. And 
into that module you can insert any 
of an array of memory, modem, fax, 
and I/O cards from a growing num- 
ber of manufacturers. When mount- 
ed on a V4D baseboard, the mod- 
ule and board occupy a single 
VMEbus slot and provide a 200- 
nsec access time. An optional ex- 
tender device with a 3.5-in. hous- 
ing enables you to extend the PC- 
MCIA socket to a front panel for 
mounting in a standard 3.5-in. pe- 
ripheral bay. Paging software 
transfers parts of PCMCIA-based 
memory into the baseboard’s RAM 
for faster execution. 

The PCMCIA module is one of 
several modules available for the 
Corebus interface; other modules 
include the $2300 HKSEMEM8 
8- or 16-Mbyte dynamic-RAM 
(DRAM) module. To assist design- 
ers who want to produce their own 
Corebus modules, the manufacturer 
also offers the $1000 Corebus de- 
signer’s kit. 

The HK68/V4D baseboard comes 
with 8 Mbytes of 2-way interleaved, 
dual-access DRAM with transpar- 
ent hardware refresh and optional 
parity. You can upgrade this 
DRAM to 16 Mbytes. The board 
also comes with 1 Mbyte of 
EPROM, 4 Mbytes of flash 
EPROM, 512 bytes of nonvolatile 





You can provide the HK68/V4D CPU board with custom memory and 1/0 capability via 
an optional 68-pin PCMCIA 2.0 plug-in module. 


RAM, three counter-timers, and a 
real-time clock. 

The master/slave interface pro- 
vides 32- and 64-bit block transfers 
as well as a 64-bit data path, 32-bit 
addressing, and slot-one system- 
controller functions. The interface 


also offers mailbox interrupts that. 


enable remote control of the V4D 
for functions such as CPU reset, in- 
terrupt, and VMEbus lock. 

The onboard Ethernet interface 
yields 10-Mbps data-transfer rates, 
with FIFOs and an integrated 
DMA controller buffering and 
speeding data between the Ether- 
net LAN and the V4D’s local Core- 
bus. The SCSI interface works 
with as many as eight indepen- 
dent devices with 10-Mbyte/sec 
synchronous data transfers. A 32- 
bit DMA controller facilitates mem- 
ory-to-I/O transfers without host- 
CPU intervention. The SCSI inter- 


face also permits data transfer in 
variable block sizes, 32-bit-word 
data bursts, and scatter/gather data 
transfers. 3 

Additional I/O support for the 
baseboard includes a pair of serial 
I/O ports that offer RS-232C and 
RS-422 transfers with synchronous 
rates as great as 1 Mbps and asyn- 
chronous transfers of 38.4 kbaud. 
The two ports include an internal 
software-controllable baud-rate 
generator. 

Software includes the manufac- 
turer’s Posix-compliant HK/Lynx 
real-time Unix operating system, 
VxWorks version 5.0, and Micro- 
ware’s OS-9 professional and indus- 
trial real-time operating systems. 

—J D Mosley 
Heurikon Corp, 8310 Excelsior Dr, 
Madison, WI 53717. Phone (800) 
356-9602; (608) 831-0900. FAX 
(608) 831-4249. Circle No. 385 
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The Goal: 


Design the world’s only multi- 
frequency Radar Target Gener- 
ator System able to simulate 
hostile threats on the military’s 
diverse radar systems. 


The Problem: 


To get the needed horsepower, 
sixteen 68040 CPU boards were 
required. However, with this 
many boards, VMEbus band- 
width limits would severely 
degrade system performance 
making the project unfeasible. 


The Solution: 


Synergy’s V420 dual 68040 SBC. 
After evaluating several pro- 
ducts, KOR Electronics selected 
eight V420s which could deliver 
320 MIPS without VMEbus 
bandwidth degradation. 





“Not only did 
we meet our project 
performance goals, 

we were able to 
reduce our costs 


by 40%.” 


” Synergy’ 
dual ’040 
outperformed all 
other boards 
I've evaluated in 
the last five 


years,” 


—K OR Electronics 
Garden Grove, CA 





Unexpected Benefits: 


Synergy’s dual ’040 solution cut 
KOR’s hardware requirements 
by 50% while vastly increasing 
system reliability. These un- 
expected benefits reduced sys- 
tem costs by 40%. 

In Synergy, KOR also found 
a design partner with strong 
integration expertise and de- 
pendable customer support. 


“I recommend you call 
Synergy today.” 


Next time you need high 
performance SBCs, do as KOR 
Electronics did. Call Synergy 
Microsystems. You'll be as 
satisfied as they are. 


microsystems 


High performance SBCs for demanding applications. 
SYNERGY MICROSYSTEMS, Inc. 179 Calle Magdalena, Encinitas, CA 92024, 619-753-2191, Fax 619-753-0903 
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EDN-PROCESSOR UPDATE 


Roll your own TI DSP chip: 
Combine a C25 core and 15k-gate array 


M engineers find design- 
ing-in a DSP processor to 
be frustrating because DSP chips 
are generally not single-chip design 
options and require additional sup- 
port chips. And, although DSP 
memory interfaces are relatively 
clean, DSP processors tend to lack 
single-chip peripherals. One solu- 
tion is to use an application-specific 
DSP processor. 

The Texas Instruments’ cDSP 
(configurable DSP) chip combines 
TI’s basic 16-bit fixed-point and 32- 
bit floating-point DSP (as cores) 
with tailorable ASICs. The 
TEC320C25A integrates an ex- 
tended TMS820C25—a popular 16- 
bit fixed-point DSP—onto a 0.8-~m 
TI TGC1000 gate array. You get 
15k usable gates for custom logic 
or to use as additional RAM or 
ROM. 

The TEC320C25A builds on an 
extended TMS320C25 core. A sec- 
ond-generation 16-bit, fixed-point 
DSP chip, the C25 is an accumula- 
tor-based architecture with a sin- 
gle-cycle multiply-accumulate in- 
struction. It competes with a num- 
ber of 16-bit DSP processors, in- 
cluding Analog Devices’ ADSP- 
2100, AT&T’s DSP16, Motorola’s 
DSP56156, and NEC’s w»PD77016. 
The C25 is now replacing first- 
generation TMS320C1x DSP chips. 
TI engineers extended the basic 
TMS3820C25 by adding a software- 
controlled power-down mode to the 
C25, which enables the processor 
to drop power consumption while 
waiting for a power “WakeUp” sig- 
nal to trigger an interrupt and re- 
sume processing. 

TI engineers also added a PLL 
circuit for input clock control. This 
circuit enables designers to use 
lower-frequency board clock rates 


Tl TEC320C25A C25 — 
core and gate array 


@ 16-bit TMS320C25 DSP uP core 
with 4-kbyte ROM, 544-byte RAM 
133 instructions 
1k x 16-bit program RAM 
PLL clock to 60 MHz (4 clocks/ 
instruction) 

Power-down mode to reduce power 
Scan-based, ICE-like emulation 

15k usable gates (gate array) 

To 240-pin PQFP (100/144-pin QFP) 
From $75,000 NRE (prototype in 3 
weeks) 

Parts, $15 to $25 (OEM qty) 





executing up to 15 native MIPS. 
The PLL circuit multiplies the in- 
put clock by 4; however, it can be 
bypassed by using a different clock 
input pin. 

The standard C25 core has 4 
kbytes of ROM and 544 bytes of 
RAM, suitable for small application 
code or holding key inner-loop func- 
tions. The TEC320C25A adds 
1k x 16-bit RAM to read-in and hold 
additional code, which can execute 
from on-chip memory. The C25 sup- 


ENHANCED TMSC30C25 


ports a 16-bit external memory in- 
terface with separate 16-bit data 
and address buses. To aid debug- 
ging, designers added a scan-based, 
pseudo-ICE capability from the 
TMS320C28, similar to that on TI’s 
32-bit DSP chips. Basically, serial 
lines enable users to take control 
of the processor: to single-step it, 
monitor and change register or 
memory values, and set software or 
hardware breakpoints. 

The TEC320 Design Kit includes 
the TGC1000 Series gate-array li- 
brary and a model of the C25 core. 
The model supports both Verilog 
and IKOS simulation models. A 
VHDL model is in development. 
Plans for the TI TEC320 cDSP fam- 
ily include adding A/D and D/A con- 
verters, as well as creating new 
chips that integrate the newer 
TMS320C5x and TMS320C31 DSP 
processor with gate-array logic. 
Both chips will run at 5 and 38V. 

The cDSP family also includes 
DSP cores integrated with custom/ 
standard cell technology. TI engi- 
neers combined the TMS3820C31 


TEC320C25A 


SCAN- 


TMS320C25 
CORE 
16-BIT DSP 


1kx16-BIT 
PROGRAM RAM 


BASED 
PSEUDO-ICE 
EMULATION 


15k GATES 
(USER DEFINED) 


TGC1000 GATE ARRAY 





You can roll your own DSP chip with the TI TEC320C25A, which combines a C25 DSP 
wP with a 15k-gate array and 1k X 16-bit programmable RAM. Also added are a clock 
PLL, power-down mode, and serial pseudo-ICE control for debugging. 


rather than the on-chip processor 
rates. The enhanced C25 core has 
a maximum frequency of 60 MHz, 
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DSP core with TI’s 1.0-~m stan- 
dard-cell TSC700 library. Proto- 
type cycle time is typically six to 
eight weeks, slower than the 3- 
week turnaround for the 
TEC320C25 gate-array-based 
cDSP.—Ray Weiss 

Texas Instruments Inc, Semicon- 
ductor Group (SC-93002), Litera- 
ture Center, Box 172228, Denver, 
CO 80217. Phone (800) 477-8924. 

Circle No. 386 


4-bit wC combines 
ZV operation 
and LCD drive 


| Rhowaes microcontrollers (wCs) 
are not dead and buried. In 
fact, if you want a low-cost, low- 
power, single-chip design option 
with a range of peripherals, you 
might check out 4-bit wCs. These 
controllers particularly suit low- 
cost display applications, as there 
are not many 8-bit wCs that directly 
drive LCDs or vacuum fluorescent 
displays. If you need to drive 7- 
segment LCDs, take a look at 


NEC’s p»PD7530x, an upgrade of its | 


783xx family. It has an on-chip LCD 
controller capable of directly driv- 
ing 82 LCD segments and operates 
to 2V for low power dissipation. 
NEC’s w»PD75000 devices are not 
low-end CPUs; they provide a fairly 
high level of sophistication—in 
some aspects more than some low- 
end 8-bit wCs. The chips support 
vectored external interrupts, and 


PROGRAM COUNTER (13 BITS)} ~ 


| INTERVAL TIMER 
_| TIMER/COUNTER LJ 
WATCHDOG Ff 
: TIMER 
| INTERRUPT 
4 | CONTROLLER }- 


|, | clockes Lo 
yo SERIAL 





te 8-BIT _ 
tT] [SIACKPOINIER| 





512x4-BIT 
. DATA 
——f RAM 


: LCD : 
| CONTROLLER } 


This 4-bit jxC drives up to 128 LCD segments without any external support chips. It has 
its own timers and accepts up to three vectored external interrupts. 


they use memory-mapped peripher- 
als, addressed as memory locations. 
Many chips have multiple timers 
with event and watchdog configura- 
tions. Like an 8-bit chip, program 
memory is byte-wide, with 1-, 2-, 
and 3-byte instructions. Unlike an 
8-bit chip, the 75xxx series regis- 
ters and ALU operations are 4 bits 
wide. But the CPU handles 8-bit 
arithmetic for wider addressing and 
allows code to address 8-bit accumu- 
lators (two adjacent 4-bit registers). 
Registers are held in local RAM, 
which is banked for easy address- 
ing. 

The w»PD758xx uC has a built-in 
LCD controller with 32 direct 


Theory, operation, and application of LCDs 


If LCDs are black magic to you, this free 100+ -pg manual will give you 
the basics of 7-segment LCD technology and operation, as well as how 
to interface and drive them, including static (direct) drive and multiplexed 


drive (2-, 3-, and 4-duty operation). It describes LCD visual and ambient 
factors and how to interpret and use LCD manufacturer specifications. 
The text also details how to interface NEC's 4-bit iC to LCDs. All in all, 
this is a good addition to your design library. To receive a copy, phone 
the NEC Literature Center at (800) 632-3531. 
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(static-mode) segment drives. The 
controller can handle up to 128 seg- 
ments by multiplexing the drive 
pins in conjunction with four phased 
backplane voltage levels. You can 
interface LCD segments directly 
with static or 1/2, 1/3, or 1/4 duty 
modes. In the multiplexed duty 
modes, each segment signal drives 
2, 3, or 4 different segments in con- 
junction with phased backplane 
common signals. The chip interfaces 
directly with the LCDs and needs 
no support chips. 

Running at 4.19 MHz and 2.5V, 
the chip takes a maximum supply 
current of 1.2 mA. Current can be 
cut further by reducing the chip’s 
internal clock rate. The clock can 
be dynamically reduced by 4 or 8, 
with a corresponding reduction in 
power—CMOS chip power is pro- 
portional to the clock frequency. Or, 
operations can switch to the sub- 
clock, a 32-kHz base clock for back- 
ground mode waiting (75 wA). For 
even lower power dissipation, you 
can go to stop mode, which stops 
the CPU clock and reduces supply 
current to 5 pA. 





If youre only getting 
half the picture... 








talk to LeCroy. 





Your analog oscilloscope gave you the whole picture. You'd set the trigger and 
the timebase, then use delayed sweep to examine the details. Measure precise timing. 
Or compare pulses in a stream. 

But when you cross over to digital, will you still get the whole picture? Most digital 
scopes can't show you a live waveform and an expanded portion simultaneously. 
And if you can't see both together, how can you tell where the expansion really is? 

Fortunately, you do have a choice. LeCroy makes a whole range of digital 
oscilloscopes with long memories and unique displays. Like your analog scope, they 
show live traces and expansions simultaneously. You get digital measurement precision 
without compromising on display clarity. 


So now, if you'd like to know more, call us: 1-800-4-LeCroy. 
We'll make sure you get the whole picture. 







LeCroy Corporation 

700 Chestnut Ridge Road, Chestnut Ridge, NY 10977 
Phone: (914) 578-6020 Fax: (914) 578-5985 
The Digital Scope Specialists 
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NEC’s structured assembler sim- 
plifies assembly-language coding by 
allowing you to code in a high-level 
C syntax with statements such as 
IF/ELSEIF/ELSE, SWITCH, 
FOR, WHILE, UNTIL, as well as 
+ +/— — increment and decre- 
ment and a C-like preprocessor. 
NEC supplies an ICE for the chip 
family.—Ray Weiss 

NEC Electronics Inc, 401 Ellis 
St, Mountain View, CA 94039. 
Phone (415) 960-6000. Circle No. 387 


NEC »PF75308B 4-bit wC 


4.19-MHz clock (32-kHz subclock) 
4-bit ALU; 4-/8-bit operation 
0.95-ysec cycle (1-byte instruction) 
Accumulator-based CPU (4/8 bits) 

8 4-bit (or 4 8-bit) RAM-based regis- 
ters 


4 to 8k x 8-bit ROM/OTP/EPROM 
512 4-bit ‘nibble’ data RAM 


3 8-bit timers; serial interface 

2 to 6V operation 

LCD controller direct drive for 32 seg- 
ments; works with 1/2, 1/3, 1/4 duty 
operation (max 128 segments) 

40 1/O pins, 3 external interrupts 
8-kbyte, 80-pin PQFP, $4.20 (10,000) 





wC integrates 8-/16-bit 
processing with LCD 
controller 


His: H8/3834 integrates an 
8-/16-bit CPU with a raft of 


peripherals, including five timers, 
a 14-bit PWM device, three serial 
ports, an 8-bit A/D converter, 13 
external interrupt pins, and an 
LCD controller. The LCD control- 
ler has 40-segment drive pins. With 
a full peripheral set, the H8/3834 
handles many handheld consumer 
applications. 

The Hitachi H8/8xxx is basically 
a 16-bit wC with an 8-bit external 
bus and is priced at the high-end 
of 8-bit wCs. Competition for the 
H8/3834 includes NEC’s KO family, 
which integrates 4-bit peripherals 
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with an 8-bit wC, and Motorola’s 
68HC05 family, with on-chip LCD 
drive parts. The H8 has the advan- 
tage of a large program ROM/ 
EPROM—up to 82 kbytes for large 
single-chip applications and 1 kbyte 
of data RAM. 

Built on an 8-/16-bit CPU, the 
H8/3000 processor features a 16-bit 
ALU with eight general-purpose 
16-bit registers (also addressed as 
16 8-bit registers). The pC ad- 
dresses a unified 64-kbyte memory 
space; the chip has a 16-/8-bit exter- 
nal address/data bus for external 
memory. Program memory is 16 
bits wide on chip, which is a speed 
advantage, as most instructions can 
be fetched in a single cycle. 

Programming the H8’s CPU is 
relatively straightforward. The 
processor provides eight addressing 
modes, including register and mem- 
ory indirection, which make pro- 
gramming much easier. Even bet- 
ter, register indirect works with 
predecrement or postincrement op- 
tions for easy indexing and looping. 
The instruction set is orthogonal, 
based on operating on a general set 
of registers. 

H8/3834’s on-chip LCD controller 
can drive up to 160 7-segment LCD 
segments (1/4 duty). The controller 
handles direct (static) 1/2 (duplex), 
1/3, and 1/4 duty segment multi- 










32-kKBYTE PROGRAM 
ROM 





a 
16-BIT 





1-kBYTE DATA 
RAM 








SERIAL 
COMMUNICATIONS 


INTERFACE 1 





1 12 L_CONVERTER 
14-BIT - 
ae Bae PULSE-WIDTH |— 
a. 


MODULATOR |. 


The Hitachi H8/3834 8-/16-bit wxC drives up to 160 LCD segments directly; it accepts 


=| LCD CONTROLLER 


See <a >< 








Hitachi H8/3834 8-/16-bit pC 





10-MHz internal clock 

16 8-bit or 8 16-bit registers 
16-bit ALU, 16-/32-bit instruction word 
200-nsec ADD; 1.4-usec MPY, DIV 
57 instructions 

64-kbyte address space 

1-kbyte RAM; 32-kbyte ROM 

14-bit PWM timer 

4 8-bit timers; 1 16-bit timer 

8-bit A/D (12 input channels) 
Interrupts: 13 external; 21 internal 
LCD controller; 40 segment drivers 
(direct, 1/2, 1/3, 1/4 duty ratio) ; 
In 100-pin PQFP, ROM version, $9 
(10,000); OTP version, $15 (5000) 











plexing. The 40-segment drive sig- 
nals can be shared by different seg- 
ments in a multiplexing scheme that 
varies the four backplane signal 
phases. Phase differences between 
the frontplane segment lines and 
the backplane signals enable a sin- 
gle segment line to drive up to four 
LCD segments without any exter- 
nal chip support. With external ex- 
tension logic, the 32-segment drive 
lines can drive up to 520 LCD 
segments.—Ray Weiss 

Mitachi America Ltd, Semicon- 
ductor & IC Div, 2000 Sierra Point 
Pkwy, Brisbane, CA 94005. Phone 
(415) 589-8300. FAX (415) 583- 
4207. Circle No. 388 
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THE NEW 80-MHz ‘ABT7819 FIFO 


FROM [TEXAS INSTRUMENTS. 


ae the industry’s first 
80-MHz FIFO, the SN74ABT7819. It’s 
the newest addition to a full line of high- 
performance, clocked, 18-bit FIFOs from 
Texas Instruments. And it can run circles 
around the FIFOs you’re using now. 


Blazing speed with excellent 
metastable characteristics 
Based on our power-saving Advanced 
BiCMOS technology, the ’ABT7819 
has a maximum access time of 9 ns 
(measured at Cy = 50 pF). It’s the first 
to offer such performance. And its 
unique multistage synchronization 
circuitry greatly improves the meta- 
stable characteristics of status flags. 
That makes it an excellent choice for 
today’s high-speed multiprocessing 
systems—or any system where speed 
and reliability are paramount. 


© 1992 TI 












BIDIRECTIONAL FIFOs 


Max Data Data 

access setup hold 

Fmax time time time 

Device (MHz) (ns) (ns) (ns) 


‘ABT7819 80 9° 3 0 
'72615' 40 15 6 1 
°5420° 40 16 12 0 


*C._ = 50 pF vs. standard 30 pF test load. 
Specs based on manufacturers’ data as of April 1992,* July 1992+ 















Highly integrated in a choice 
of standard packages 

The bidirectional ’ABT7819 is more 
than just two 512-word-deep by 
18-bit-wide FIFOs sitting side by side. 
It’s bidirectional control logic, flag 
logic, latches and synch circuitry 
integrated into a single package to 
simplify your designs. 


CIRCLE NO. 59 


The ’ABT7819 comes in compact 
80-pin SQFP (actual size 14 mm x 
14 mm tip to tip) and standard QFP 
packages to help save valuable board 
space. Plus, it’s available in -12-, -15-, 
—20- and —30-ns cycle times for easy 
performance upgrades. 


What are you waiting for— 


call today 

For more information on the 
SN74ABT7819, use the reader service 
number below or contact your local TI 
sales office. We'll have you up to speed 
in no time. 
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Orbit 
Semiconductor 


has come up with 
yet another way 


to slash NRE and 
per-unit costs. 











Slash the cost per unit of FPGAs. 


Now, with our new Encore! netlist conversion 
service, it makes economic sense to turn your 
expensive FPGAs into inexpensive ICs. 


packages that are available. 


The following table shows the Encore! 
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In a matter of a few weeks you see parts 
from your converted netlist. Because Orbit 
Semiconductor can turn around prototypes and 
production quantities faster than anyone else in 
the industry. 

So you cut your cost-per-unit very quickly. 

And since your NRE is low, your paybacks 
are fast. 
«Convert FPGA netlists for low NRE 
¢Get prototypes in as little as 3 weeks 
¢Die sizes allow for smaller packages 
¢Move quickly into production 





Encore! also converts your gate 
array netlists. Affordably. 


So you’re no longer tied to the fab that came 
with the library-you can use Orbit 
Semiconductor for production, to meet sudden 
demand, or as a second source. 

Here’s what we need to get started: 
e-FPGA or gate array netlist 
¢Pin description file that maps package pins to 
netlist I/O pins 
el MHz simulation showing all pins in a print- 
on-change format 
eAbove files should be supplied in ASCII 
format 





For more information on converting your 
FPGAs and gate arrays with Encore! contact 
Technical Marketing at 1215 Bordeaux Drive, 
Sunnyvale, CA 94089. Phone (408) 744-1800, 
FAX (408) 747-1263. 

Or call us at (800) 331-4617. In California 
(800) 647-0222. 





SEMICONDUCTOR, INC. 


What others promise, we guarantee. 


CIRCLE NO. 61 


EDN February 4, 1993 = 75 








The Panther P1-17S 5.25- 
inch SCSI drive features 
1.5 GB capacity and is 
Novell NetWare Ready. 


It's inevitable. When you hit a certain age 
some things get considerably broader. Just 
look at our spread. Today, Maxtor offers more 
disk drives than ever before. Each Maxtor 
drive combines outstanding performance an 
our legendary commitment to quality and 
reliability. Best of all, no matter which one 
you choose, youll be getting a Maxtor drive. 

Let's start with the MXT series. Simply put, 
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they’re the highest performance 3.5 
drives in the business. Available in 1.2 GB, 
540 MB and 340 MB capacities. 

Then theres our 7000 series. One of the 
best value disk drive families ever assembled. 
The reason is simple. They're uniquely 
designed for low cost manufacturing. 

If you're looking for the true performance 
eader in 2.5-inch drives for notebooks and 











ny reaches _— 
fill out a bit. 








TE8blteepigee 


8 eence 


pc ee 


The 1.2 GB MXT-1240 is _ 
___ the industry's highest per- 
formance 3.5-inch drive. 





The 252 MB 25252 is the highest _ 
capacity, high performance 2.5-inch 
drive available today. 


ortables, look no further than our 25000 There you have it. One of the most com- 





eries. Choose from the high performance prehensive families of disk drives in the world. 


02 MB 25252. Or our sleek new 25084. Only And further proof that the older one gets, the 
0) millimeters high, the 84 MB 25084 is the broader one gets. For more information, please 
unnest and lightest 2.5-inch drive you can buy call 1-800-4MAXTOR. 
he 25000 series is also available in 128 MB. = | 

And for those who require high capacity - 
.20-inch drives that set new levels of SCSI 


= Pee, There’s a new drive at Maxtor. 
apability, Our P anther series 1S right at the top. Maxtor Corporation, 211 River Oaks Parkway, San Jose, CA 95134 
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-Million- -line software projects differ from small ones, and : ao: 
not just in line count for code and head count for the - : 
development team. You need additional tools and anew - 








set of rules to keep your head above water while ae oS 
oo _ programming- -in-the- large. ee 


ae lend Editor 


ently ‘den, polities tight’ say hae was aairewing t e 
issues of combinatorial and structural complexity. _ 
other words, new types of problems come up in sboriea ee 
dealings with large numbers of any hing, including lines __ 
of code. Developing a million-line program isn’t the — 
same as writing a hundred 10,000-line programs. Fae e 
examples of million-line programs—a PC- isis 
based CAE tool, workstation- whee 
based CAE tool, software that => 


Illustration by Brian Lies 





WRITING REALLY BIG PROGRAMS 


controls a small warship, and soft- 
ware that pilots a commercial air- 
liner—will show how developers 
meet the challenge. 

The differences between working 
on a small program and working on 
a very large one fall into two 
categories: team size and tool type. 
First consider team size: Small pro- 
grams rely on the memory of one 
individual to organize their com- 
plexity. Assuming that each person 
added to a team communicates in 
some way with every other person, 
you'll find that the number of pos- 
sible conversations increases ap- 
proximately as n?/2. This calculation 
puts some numbers to how team 
members change the way they com- 
municate as team size grows. Five 
or six people communicate by infor- 
mal memo-passing. Twenty to 
thirty people use—or should use— 
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software tools to help control com- 
plexity. Examples of such tools are 
source-code control and configura- 
tion-management tools. 

Projects of 200 to 2000 people 
working on a program need a dis- 
tributed CASE environment with a 
repository for capturing informa- 
tion from all phases of development, 
not just code. As the size of a pro- 
gram and team increase, it becomes 
important to capture relationships 
between documents in addition to 
organizing them by name and cate- 
gory. Continuity over time is also 
an issue for large teams. Tasks such 
as scheduling backup and updating 
a repository database have to be 
planned carefully. 

Second, tool types. People use 
more specialized tools on large pro- 
grams. They use them not just to 
save labor or because the overhead 


budget will support the purchase, 
but because large programs impose 
an exponentially increasing penalty 
for defects. 

To determine whether you’re 
dealing with a large program, first 
estimate how many substantially 
independent elements will interact 
with each other in your program. 
Regardless of the level of organiza- 
tion, the fact that probabilities for 
independent events multiply tells 
you how many defects your soft- 
ware architecture can tolerate. Ten 
modules, each having a 99% prob- 
ability of success (zero defects), 
have only a 90% probability of oper- 
ating successfully when taken to- 
gether (0.99'°=0.90). One hundred 
such modules operating together 
have only a 37% probability of suc- 
cess (0.99 =0.37). You can keep 
quality high by either organizing 
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tests to make the quality of the 
modules very high or by creating a 
hierarchy of tests to help integrate 
the base modules. 

Software, or source lines of code 
(SLOC), is not, by itself, a reliable 
means of classifying small, moder- 
ately large, and really big pro- 
grams. A first example of what can 
break the SLOC metric is a small 
team using GUI development tools 
and templating tools. That team can 
generate a large number of lines of 
code that do not, by themselves, 
constitute a “really big” program. 
A second case in which SLOC count 
hides complexity is control applica- 
tions. These programs use many 
interacting functions, which rapidly 
increases complexity. How you de- 
fine what comprises one program 
also affects the SLOC count. You 
may or may not refer to software 





The distributed software architecture developed by Paramax Systems Corp for the Canadian 
Patrol Frigate runs on 32 computers. The software, written in a decades-old standard 
US Navy language, operates all ship weapons automatically and reconfigures itself after 
battle damage to run on the available hardware. 


running on a network of computers 
as one program, depending on the 
quantity, importance, and fre- 
quency of communications between 
the computers. 


(One point we'll overlook when 
judging the size of programs is the 
language of the source code. In this 
report, we'll assume that the lan- 
guage is a third-generation one like 
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d elopment tool cules generates 
Je, has dialog boxes for setting attributes of 
ber functions, checks coding and design 
lets. you graphically. edit class inheritance. 
ige-request tool helps you define a set of tasks 
lude identifying and verifying defects, fixing and 
corrected code, and communicating status to 
other team members by automatically generating email. 
The methodology- ey tool helps you define 


‘is Teamware from SunPro, an operating unit of Si 7 















a generalized set of tasks pelea to ihe softwar 7 
packages involved, the tasks’ priorities, and the stan- _ 
dards, measurements, oe oe needed at e 
stage. _ 

Another tool set iho improves works -group oe 








Microsystems Inc. Sun initially developed the tool s 
for internal use on the Solaris operating-system proje: 
then refined and packaged it for commercial releas 
The Solaris team of 200 developers, organized 
groups of 5 to 10 people, used the tool set to cope 
with 12,000 source files ee over seven buil dings 
in three cities. : . 
The tool set includes Versiontoal-for oe 

specting and managing multiple versions of source files; 
CheckPoint—for capturing project source-file configu- 
rations for later retrieval; ‘CodeManager—for graphi- — 
cally integrating and managing project releases; File- _ 
Merge—for visually merging source files and coordinat- 
ing concurrent source-file changes; and ParallelMake— _ 
for building project components in parallel. The tool | 
set's features position it between Unix utilities such « 
sccs and rcs and powerful, but complex configuratio 
management systems. Teamware is available 
SPARCstations and 80x86 systems FUND ae is nd 
costs $995. _ 
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C or Ada, not assembler or a 
higher-level script. See box, “Ada 
and C++: differing strengths for 
large programs,” for a discussion of 
how these two languages suit large 
programs. ) 

Many PC-based CAE tools be- 
long to the lower end of the big- 
program spectrum. One such pro- 
gram is TangoPRO 1.0 from Accel 
Technologies Ine (San Diego, CA), 
scheduled for full release this 
month. This 32-bit pc-board design 
package runs under Windows and 
weighs in at about a million lines 
of code. 

Jerry Burwell, vice president of 
engineering, headed the team that 
replaced the earlier DOS version of 
Tango with an object-oriented one 
written in C+ +. He started devel- 
opment with a team of 4 that in- 
creased to 12 and averaged 6 over 
the two years of development. The 
team used CASE tools at the begin- 
ning stages for analyzing and speci- 
fying the system and developing the 
software architecture. The team 
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As the number of requirements on large government programs climbs to the tens of 


dropped the tools at the design 
stage when elaborating and updat- 
ing the documents became cumber- 
some. 

The team wrote functional speci- 
fications and design documents, did 
design reviews and code walk- 
throughs, and held peer reviews. 
Larger teams usually perform these 
tasks. The fact that this small team 
included them in its design process 
indicates a commitment to produc- 
ing quality software. Each module 
and class included built-in self-tests, 
but Burwell reports that the overall 
code quality still depended on the 
determination and discipline of indi- 
vidual team members. Using C+ + 
and developing test code paid off 
in fewer defects at the module level. 
Developing a hierarchy of tests to 
confirm module integration proved 
too time consuming, so the team re- 
lied on weekly “manual” builds. 

A similar report on managing the 
complexity of multimillion-line pro- 
grams comes from Aki Fujimura, 
vice president of central engineer- 





thousands, tracking these requirements through to fulfillment becomes a large project in 
its own right. Two tools can help you trace relationships among requirements and between 
requirements and downstream management and technical documentation. They are the 


Requirements and Traceability Management tool from Marconi Systems Technology (shown) 


and Require from Paramax Systems Corp. 
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ing and information services at Ca- 
dence Design Systems Ine (San 
Jose, CA). A vendor of workstation- 
based CAE tools, Cadence has over 
10 million lines of code in its product 
line and more than 600 people doing 
development work. Fujimura’s rec- 
ipe for a very large CAE tool pro- 
ject is 8 to 4 million lines of code 
and a technical team of about 50 
people. At Cadence, most engi- 
neering development teams consist 
of either 5 to 6 people or about 20. 
Although Fujimura purchases 
software engineering tools for Ca- 
dence, he doesn’t consider the tools 
to be as important to a big pro- 
gram’s success as the project team’s 
methodology and training. He con- 
siders using an explicit develop- 
ment process to be much more im- 
portant than exactly which one you 
choose. An explicit process descrip- 
tion gives the team common termi- 
nology so members can talk easily 
to each other about their work. (Ca- 
dence uses the process model de- 
vised by Watts Humphrey of Car- 
negie Mellon’s Software Engineer- 
ing Institute (Pittsburgh, PA).) 
Cadence uses configuration-man- 
agement, bug- and code-tracking, 
and metrics-collection tools. The 
vendor develops most of these tools 
in house by using scripts to drive 
public-domain Unix utilities. 
Fujimura is waiting for the soft- 
ware-tools industry to develop met- 
rics-collection tools that record, on 
a project basis, how long developers 
spend using particular tools and on 
what sort of tasks. Such metrics will 
serve as a basis for improving the 
big-program development tools and 
the ways that developers use them. 
He also points out that current 
CASE tools guarantee a certain 
minimum quality of work done by 
the least experienced programmers 
but hold back the experienced, lead- 
ing-edge developer. He looks for 
development tools with abundant 
user-configuration options so his 
most experienced people can keep 
improving the tools themselves. 
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A third example of a million-line 
program comes from the govern- 
ment sector: the software system 
for the recently completed Cana- 
dian Patrol Frigate (CPF). 
Paramax Systems Canada, an oper- 
ating unit of Paramax Systems 


Corp, developed the software. Ac- 
cording to Richard Simon, vice 
president of engineering at Par- 
amax Systems Canada, “CPF was the 
first surface combatant to use a dis- 
tributed system integrated from 
sensors to weapons and with reli- 


ability and survivability built in.” 

Thanks to the high degree of 
automation made possible largely 
by its advanced software, the 
CPF’s crew of 225 performs tasks 
similar to those that required a 
crew of 330 on a previous warship. 
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For example, in automatic mode the 
combat system takes over nearly all 


the functions of the human opera- | 


tor. The system then detects and 
fires weapons on multiple subma- 
rines, aircraft, antiship missiles, 
and surface vessels, as required. 

A redundant serial data bus ties 
all the ship’s sensors, weapons, 
computers, and displays together. 
The bus’ software includes 146 pro- 
gram modules. The ship can toler- 
ate moderate battle damage with- 
out a serious lapse in performance 
because the distributed system ar- 
chitecture can automatically recon- 
figure itself and reassign functions 
among its 32 computers and 18 op- 
erator consoles. For example, bat- 
tle damage that switches off the 
anti-air-warfare computer can cause 
the anti-submarine-warfare com- 
puter to take over transparently. 

Large government systems such 
as the CPF system often represent 
unique advances in engineering’s 
state of the art but also face unique 
problems. The systems tend to be 





C+ + Softbench 3.0 with the Developer 3.0 option includes (clockwise from upper left) 
a program debugger, class-inheritance editor, dependency browser, data-structure 
browser, and static browser. The package has graphic interfaces to debuggers and 
compilers and integrated configuration management. The tool and additional modules are 
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Teamware from SunPro includes a tool manager, Parallel Make, code manager, version 
tool, mail tool, and (icons) Filemerge and CheckPoint configuration tool. 


long-lived, enduring for decades. 
Their development cycle should al- 
low for long and thorough front-end 
planning. Practical budgeting will 


available from Hewlett-Packard’s Software Engineering Systems Div. 
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recognize and fund this long amorti- 
zation period. 

As with many large projects, the 
customer—in this case the govern- 
ment—is a very large organization. 
Development may follow a phase of 
technical experimentation, but de- 
velopment is far from a sure thing— 
it’s also an experiment. The experi- 
ment is that of developing project 
teams from the customer and soft- 
ware-developer organizations. Just 
reaching a consensus on the soft- 
ware requirements is much of the 
battle toward building the system. 
With the requirements count reach- 
ing 20,000 to 50,000, dedicated soft- 
ware tools become necessary for 
tracking requirements from the be- 
ginning to the end of the project. 
Government customers also fight to 
deal with the great diversity of 
their systems and impose the re- 
sulting controls on the software- 
development team. A development 
procedure that works for a large 
project can bury a small one with 
unnecessary organizational struc- 
ture and control. 

When large organizations work 
on large enough projects, they’l] 


Simple As 1,2,3! Configure 
Your Own Modular Power Supply 


200 to 2000 Watts _ 






Shown: AC input 
with PFC, 600 
Watts, 4-Outputs, 
Duy Ron XK 
4 Watts/in? 


ie TAL G° 


SELECT INPUT VOLTAGE 





AC 
115/230 VAC 
(Auto Select optional) 


AC with PFC 
85-264 VAC 


(Meets IEC 555-2) 






5-15V (x2) 
12-28V (x2) 


DC (48 VDC) 


Select up to 8 DC output modules. *Total current from dual output module. 


CALL QUALIDYNE AT (619) 575-1100 . . . OR FAX (619) 575-7185 





Now configuring your own power supply is as easy 
as filling in the blanks. Just tell us which input and 
which DC outputs you need and we’|l put the modules 
in place. What could be simpler? 

e Up to 16 outputs in the voltage/current 
combinations of your choice 


e Parallel/Current-Share (optional) 
e 200 to 2000 Watts 

e 2.5 to 5 inches high Ee 
e Power Factor Correction (IEC 555-2) § 
Call for your free Qualidyne catalog: 
(619) 575-1100. 





= 
Circle No. 52 for U.S. and Canada Qualidyne Circle No. 53 for International Responses 
ee 


Lambda Group of Unitech plc 


Qualidyne Systems, Inc. ¢ 3055 Del Sol Boulevard, San Diego, CA 92154 « Tel: (619) 575-1100, Fax: (619) 575-7185 
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write their own languages, such as 
the US Navy’s decades-old CMS-2. 
The CPF used it, and it was the 
Navy’s standard language before 
the recent Ada mandate. Paramax 
still writes programs in CMS-2 for 
existing projects and for new pro- 
jects that use pieces of old code. 
The company also re-engineers 
CMS-2 into Ada. Developers trans- 
late some code by hand and use in- 
ternally developed translation 
tools. 

Newly written lines of code for 
a next-generation large passenger 
plane, the Boeing 777, will amount 
to around one million lines, accord- 
ing to Keith Hill, who manages the 
project at Boeing Commercial Air- 
plane Group (Seattle, WA). Flight 
tests are to begin in mid 1994, and 
the project is now at the critical in- 
tegration phase of development. 
Design and coding is complete for 
the long-lead modules and has just 
begun on the shortest-lead mod- 
ules. 

Like most large projects, this one 
is a mix of internally developed code 
(about 20%), subcontracted code, 
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and reused or rewritten code. Soft- 
ware runs the plane and operates 
as an integrated system that 
reaches into all aspects of its opera- 
tion. About the only software that 
does not connect to the system is 
the program that controls the cook- 
ing equipment in the galley. 

The plane controls are fly-by- 
wire with 9 times redundancy and 
one pneumatic backup. The redun- 
dancy consists of three parallel 
channels of control. Each channel 
has three architecturally dissimilar 
processors all running software to 
the same specification. The soft- 
ware architecture relies on two 
types of high-speed data buses. The 
first is an Ethernet-like bus used 
mostly in the passenger cabin. This 
bus handles tasks such as maintain- 
ing the passenger and gate lists for 
each landing and has a low integrity 
requirement. The second bus meets 
ARINC629, a Boeing-originated 
standard for high-integrity data. 

Ada is the designated language 
for the 777. There are 35 Ada hard- 
ware boxes on the 777, up from 4 
in the 777’s predecessor, the 





747400. Using commercial off-the- 
shelf C software forced C on some 
boxes to maintain a single language 
on the box. The need for speed 
forced assembly language on a few 
other boxes. Because subcontrac- 
tors are developing most of the soft- 
ware for the 777, the choice of soft- 
ware engineering tools lies with 
them. Boeing developed their main 
source-code analysis tool in house 
and also uses an off-the-shelf C 
analysis tool. EDN) 
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Can you cut board space by 40% and power consumption by 80% 
when driving a differential SCSI bus? 





Sure. Use the SN75LBC976 from TI. 


esigned primarily for SCSI 

and IPI data buses, our SN75LBC976 
is the industry’s first RS-485 bus 
transceiver to feature nine channels 
integrated into a single package. 
And that’s a shrink small-outline 
package (SSOP). All of which 
means you can save up to 40% in 
board space when you replace 18 
single-channel devices with only 
two ’LBC976s to build an 8-bit 
SCSI interface. 

Better yet, those two ’LBC976s 
will require only 0.45 W of power 
— asavings of 80%. | 


© 1992 TI 














SN75LBC976 Overview 
¢ Supports up to 10 million transfers 
per second 


e 56-pin SSOP 
¢ Low power: < 5 mA per channel 
(active), < 3 mA total (disabled) 


¢ Low cost: < £10 (1,000s) 


Ideal for space-restricted 
applications such as small-form- 
factor hard disk drives, TI’s 
"LBC976 cuts component count 
dramatically when implementing 
SCSI’s I8-channel data and 


control lines. 


wi TEXAS 
INSTRUMENTS 


_ CIRCLE NO. 64 


The flexible enabling circuitry of 
the LBC976 not only allows for 
power-down operation but also 
allows numerous configurations of 
drivers, receivers and transceivers 
for a variety of RS-485 applications. 
And guaranteed skew performance 
ensures maximum system data rates. 


For a free sample 
and more information on our 


SN75LBC976, use the reader 


service number below. 


00-7444B 
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R, For Maximizing Production. 


Fixed Component 
Supply Unit 


Rotary Disk 
Heads 








Saga * 


)}: Components 


ey 


RX-5B mounting schematic: 

A mounting head picks up 

a component in the mounting 
order from the fixed supply unit 





TDK’s Avimount® RX-5B High-Speed Mounting System Eliminates Batch Changeover Downtime. 


Are you stopping your production line to change feeder locations for 
every new board layout? TDK offers the perfect prescription to 
eliminate batch changeover downtime—the Avimount® RX-5B. 
Thanks to a combination of features, including a rotary disk head 
and fixed component feeders with a sequential supply system, 
continuous production with a variety of boards is possible with the 
RX-5B. When a new type of board enters.the system, it is accommodated 
with only a simple change of programs—and no costly production 
stoppages. The RX-5B’s 72 mounting heads, which can mount 
up to 120 different types of components, from the 0402 microchip to 
28-pin SOICs, are assisted by a highly precise vision centering. 


TDK’s new SS-1 series is a cost-effective, compact, and extremely 
flexible vision assisted placement system. The SS-1 can supplement 


See Us At Nepcon West ’93, Booth #2783 


the RX-5B or stand alone, placing from 50 to 60 types of components 
ranging from 0402 to 45mm sq. QFPs. The SS-1 also eliminates 
downtime with a random access head design and fixed feeders. 


Working as an integrated system, the RX-5B and SS-1 can handle 
high volume to = 

small batch jobs, |» & 
accommodating 
180 types of 
components with 
high speed and 
precision. Call 
TDK today for 
more information. 








TDK Chip Component Mounter TDK Chip Component Mounte! 


Avimount® RX-5B Avimount® SS-1 
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or Switch companies. 


C&K has once again been choosen as Top Switch 
Supplier in the 1992 Electronic Buyers’ News 
Preferred Supplier Survey. And for very good reasons! 
For 35 years our worldwide facilities have delivered 


industry standard switches with unmatched quality 
and consistently superior performance. We take 
pride in our achievements in product innovation, 
delivery and technical assistance, and we offer 
the most complete line of switches in the industry. 


Not all Switches 
are created equal... 


® 







For most companies that would be enough. Our 
new Custom Product Development Group will 
design application specific switches which meet 
your exact requirements. C&K has become the 
leader in surface mounted switches, sealed/process 
compatible switches, and miniature switches of all 
types by listening to your needs. See what we can 


do for you. For engineering samples and our 
catalog, call (800)635-5936 or Fax (617)527-3062. 











C&K Components, Inc. 
15 Riverdale Avenue 
Newton, MA 02158-1082 


The Primary Source Worldwide®. 





C&K Components, Inc. C&K Components, Inc. Unimax 
Newton Division Clayton Division A Division of C&K 
(800) 635-5936 (800) 334-7729 (800) 624-4308 


Manufactured in the USA: MA, NC, CT; and Worldwide: Hong Kong, England, Costa Rica 
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POWER To Configure 


MegaPAC™ 
Power: Up to 1200 Watts 
Input: 110/220 VAC, strappable; 300 VDC 


Outputs: 1 to 8 isolated and fully regulated, 
2 to 95 VDC 


Size: 11.8"L x 6.0"W x 3.4"H 





Plug into instant power supply 
configurability with the new MegaPAC 
switcher from our Westcor division. 
MegaPAC outputs can be configured in 
virtually an infinite number of voltage and 
power combinations using up to 8 slide-in 
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ModuPAC™ assemblies. Want to change 
a voltage or power level at your factory or 
at a customer site? No problem. . .shut 
down input power, slide out the 
ModuPAC you want to replace and slide 
in the new one. It’s that simple. 


MegaPAC’s instant configurability takes 
Westcor’s popular StakPAC to the next 
level of customization and flexibility. And 
its improved manufacturability means a 
substantial price reduction too! At the 
heart of each plug-in ModuPAC is a 
standard Vicor VI-26X series DC-DC 
converter module. . .over 1 million are 
operating reliably in systems world-wide. 
With potential applications around the 
globe, MegaPAC is designed to meet 
stringent UL, CSA, and IEC safety 
standards (approvals in process). 





So take the risk out of specifying your 
system power supply. Contact us today 
and request ordering information. . .then 
sit back and relax. .. your custom-tailored 
MegaPAC will be delivered within four 
weeks. 


Call VICOR EXPRESS (800) 735-6200 for 
information and be sure to ask for a 
MegaPAC data sheet. Or call WESTCOR 
(division of Vicor) at (408) 395-7050. Fax 
us at (508) 475-6715 or (408) 395-1518. 





VICOR Corporation 
23 Frontage Road, Andover, MA 01810 


Component Solutions For Your Power System 
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| Pr ototyping to p 10 Anchen q | 
UniSite programs them all. 


Whether you want to program devices more devices than any other program- 
one at a time or eight at a time, UniSite _ mer including FPGAs, PLDs, 











Universal Programmer is memory devices, and micro- 

the programmer of controllers, all from a single 
choice for both site. It supports more types 
design engineers of packages — including 
and production per- an expanding array of 
sonnel. UniSite is high-pin- count 

the most widely used devices — from QF Ps, 
programmer in the TSOPs, and SOICs to 
world, becauseit’sthe __ DIPs, PGAs, QUIPs, and PC 
most flexible programmer memory cards. And UniSite is always 
ever built. first to support new devices. 


For designers, UniSite is the premier 
universal programmer. It supports 


In production, no programmer is 
easier to set up and operate than 


Outside North America contact your local Data I/O representative. 





Austria Finland Ireland Norway Sweden 

0222 253626 90 8036211 031 953000 02 901190 08 380370 
Belgium France Italy Portugal Switzerland 

02 252 3690 013 9568131 02 618 1893 01 410 3420 AY 089 858580 
‘Denmark Germany Netherlands Spain United Kingdom 
042 458320 089 858580) 040 582911 Ol 2425204 0734 440011 

_ oe | _ | 
17249511 . 





UniSite. This single, compact, rugged 
system gives you everything you need 
for reliable gang programming. 
Manufacturer-certified algorithms 
ensure high yields. Automatic yield 
tally and either manual or computer 
remote control give you all the features 
and flexibility you need. 

For more programming flexibility, 
start and finish with UniSite. For more 
information, or a demonstration, call: 


1-800-3-DataIO 


(1-800-332-8246) 
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EDN HANDS-ON VHDL DESIGN PROJECT—PART 3 





MICHAEL C MARKOWITZ, Editor EDN Asia 


In the first two installments of this series, I assembled EDN’s design 
center and made it operational. I also chose a design—the Z80—and 
zeroed in on a strategy for modeling it. After performing all this 
preliminary work, I was ready to begin creating, writing, and de- 
bugging the model. 

Before I started to write the model code on the HP/Apollo DN4500, 
I did some work with paper and pencil. First I created a register 
map. The register map included all of the processor’s directly address- 
able registers as well as those not directly accessible to the user. The 
registers included eighteen 8-bit data registers; four 16-bit registers 
for the program counter, stack pointer, and two index registers; data 
and address latches; and 1- and 2-bit-wide registers for interrupt- 


Illustrations by Bob Doucet 
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enable and interrupt-mode storage. 

After creating the register map, 
I set to work on the processor’s two 
main state machines. The first state 
machine is a relatively small one 
that controls the CPU during a re- 
set operation (Fig 1). Contrary to 
conservative design practice, the 
Z80’s designers didn’t use the hard- 
ware reset to clear all storage ele- 
ments. According to the Z80 specifi- 
cation, RESET initializes the CPU 
by resetting the interrupt-enable 
flip-flop, clearing the program 
counter and interrupt and refresh 
registers, and setting the interrupt 
status to Mode 0. In addition, a re- 
set forces the address and data bus 
to a high-impedance state, and all 
control signals become inactive. Fi- 
nally, the specification insists that 
RESET must be active for a mini- 
mum of three clock cycles before the 
reset operation is complete. I took 
the 3-clock-cycle requirement to in- 
dicate—and Zilog later confirmed— 
that the Z80 uses a synchronous re- 
set rather than an asynchronous 
one. As a result, I wrote the state 
machine to transition on rising clock 
edges and the internal reset signal 
to go active on the third rising edge 
after RESET goes low. 

Although designing the reset 
state machine was straightforward, 
it immediately illustrated to me the 
difference between doing the design 
as a hardware designer and pro- 
gramming the design as an HDL 
programmer. According to the 
specification, when the RESET line 
is forced low, the IC waits three 
clock cycles before accepting the re- 
set. A hardware designer would 
add a 3-stage shift register to create 
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this 3-cycle delay, but the software 
solution is to use a counter. The 
EDN model counts three clock cy- 
cles, resets the appropriate regis- 
ters, then stalls until RESET goes 
inactive. After RESET goes high, 
the model stalls for two more clock 
cycles before resuming normal proc- 
essing (Listing 1). After developing 
the reset process, I then created a 
state machine for the bus arbitrator 
based on the bus-arbitrator state 
diagram (Fig 2). 

I was careful to document the 
code as I wrote it. Theoretically, 
the documentation would allow 
me—or anyone else reading the 
code—to figure out what my intent 
was and what the software model 
was trying to accomplish in a par- 
ticular section of code. Some mod- 
elers recommend that one-third to 
one-half of the writing in a complex 
model be comments that describe 
the model’s operation. The 
Std_ModelSpec section of the 
Std_DevelopersKit recommends 
that comments should account for 
roughly 20%. Std-ModelSpec also 
suggests that among the important 


ea 


AND 
CYCLE_COUNTER<6 


comments to include are those that 
explain the limitations of your 
VHDL usage and those that iden- 
tify assumptions you’ve made in de- 
veloping your model. 

Although I attempted to docu- 
ment EDN’s model thoroughly, my 
comments helped little when, 
months later, I attempted to deci- 
pher the model I had written—and 
they were virtually worthless to 
others reading the code. Document- 
ing code presents several problems. 
First, rather than explaining an en- 
tire block of code, the comments 
tend toward documenting too small 
a function. In addition, often the 
coder (and documenter) knows his 
intent too well and underestimates 
the need for explanation. One soft- 
ware-documentation problem I’d 
heard about was that program- 
mers—like lawyers—have their 
own language that is incompre- 
hensible to hardware designers 
(witness the VHDL Language Ref- 
erence Manual, Ref 1). 

I considered embedding the reset 
state machine inside the bus-arbi- 
tration state machine. Ultimately, 





Fig 1—The state machine for the reset logic is a simple machine that transitions between 
its four states depending on the values of RST_n and cycle—counter. 


I decided to keep the two machines 
distinct because of the 3-cycle mini- 
mum pulse-width specification of 
the reset signal. If the reset ma- 
chine were embedded in the bus 
arbitrator, a short pulse would dis- 
orient the bus arbitrator. As a sepa- 
rate process, the arbitrator can con- 
tinue operating until three clock cy- 
516d Validate the reset signal. 

A compiler is the greatest syntax 
checker in the world and it costs 
the same whether your code is 
messy or clean. Use it early and 
often to check that your syntax 
is correct. 

One mistake that I made con- 
stantly was using single and double 
quote marks incorrectly. Although 
I was sure there was a standard 
scheme, my failure to identify it led 
to numerous compiler errors. 
VHDL uses quote marks to enclose 
characters and strings. Simply, and 
correctly, characters, such as ‘1’ and 
‘0’, are enclosed in single quotes; 
strings, such as “10010000,” are en- 
closed in double quotes. 

The bus-arbitrator state machine 
presented its own problem. The ma- 
chine operates on both edges of the 
clock. Unfortunately, Synopsys’ 
synthesis software has a strict syn- 
tax for edge-triggered flip-flops, 
which prevents you from synthesiz- 
ing logic that changes state on 
either clock edge in a single VHDL 
process. I decided that I would gen- 
erate, by synthesis if possible or by 
hand if not, a frequency doubler 
that would double the input clock 
and allow the internal circuits to op- 
erate off the 2x clock. I could also 
have split the design into a positive- 
edge triggered process and a nega- 
tive-edge triggered process, though 
coordinating signals between the 
two processes would have added 
complications. Whether the internal 
circuits operate off the rising clock 
edge of a 2 clock or off both clock 
edges on a normal-speed clock 
doesn’t change the internal circuit 








operating requirements or the ex- 
ternal interface requirements, so 
the adjustment was benign. 

Aside from the 2x clock, the bus 
arbitrator was mostly straightfor- 
ward. I could have written the state 
machine using a CASE statement 
or an IF, THEN, ELSE. Both con- 
structs synthesize into a decoder 
structure, though the case builds a 
multiplexer-based decoder. In con- 
trast, the IF, THEN, ELSE builds 
a priority decoder. If your decoder 
is fully specified, then you can use 
the constructs interchangeably. 


Beers tases 
Sees aie 
Sense 


= pacts ae 
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NOTES: 

BR=Bus request 
NMI=Nonmaskable interrupt 
|ACK=Interrupt acknowledge 
OPC=4-cycle opcode fetch 
OPC5=5-cycle opcode fetch 


RD=Read — 
WRe=Write 
lIOR=1/0 read 
IOW=I/0 write 


OPC6=6-cycle opcode fetch 


[OST ARCHITECTURE 


If you don’t decode several 
states, then the IF, THEN, ELSE 
will use logic more efficiently be- 
cause it won’t decode the unused 
states. In contrast, VHDL requires 
that you lump all unused CASEs 
intoa WHEN OTHERS clause, cre- 
ating extra logic and a less-efficient 
decoder. CASE constructs simulate 
faster than IF, THEN, ELSEs, 
however, because they don’t need 
to test IF conditions sequentially. 
The EDN bus arbitrator was fully 
specified, so I used a CASE for 
faster simulation. 





Fig 2—The bus-arbitration state machine had 13 states to track and 10 different modes 
(operations) in which to transition between states. As a result, we had to develop a 
shorthand notation to keep track of the output conditions that resulted from each of the 


state transitions. 
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When you battle against an op- 
ponent, surprise is a strategic 
part of your arsenal. In circuit de- 
sign, you are competing against 
yourself. To prevent surprises, de- 
sign your circuits in small pieces 
and verify each piece before mov- 
ing on. 

After writing the VHDL code for 
the state machines, I needed to test 
their operation. All of the VHDL 
intelligencia recommend “going 
deep before going wide.” This ex- 
pression suggests that rather than 
designing your entire circuit in a 
single pass before testing it, using 
VHDL or any other technique, you 
should test each piece as you build 


Several tools were a 
VHDL (VHSIC_ hardwar 
_ Vista Technologies (Sch 
tax checkers and temp 
ment efforts. and mini n 
based errors. Develope 

‘also have several ch 
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inputs to a spreadsh 
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as well as function and 
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MA) that converts state sap i 


eral reasons. First, | 
caught up in the sexi 
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it. The technique offers several ad- 
vantages. First, it ensures that 
each module of your design is—at 
least to the extent that your test 
program checks—properly function- 
ing. Second, as you find your mis- 
takes, you can correct them before 
you replicate them throughout your 
design. Third, and perhaps most im- 
portant, when you do encounter 
problems integrating all of the 
pieces, having tested each one indi- 
vidually helps you localize design 
flaws. Steve Carlson, ASIC R&D 
program manager at Synopsys, sug- 
gested that I go beyond verifying 
the correct function of the modules. 
He recommended that I also syn- 
thesize the blocks. 

In the beginning, it was easy to 
test and synthesize the circuit; 
there wasn’t much to it. As the de- 
sign grew, it became more and 
more unwieldy to verify. In fact, 
before long, I stopped verifying 
functions and stopped running the 


synthesis tools on the growing de- 
sign. Instead, I concentrated 
strictly on writing the model. Test- 
ing and debugging the pieces of the 
model was too much work and of- 
fered too little reward. Each func- 
tional block had too many inputs 
and outputs, figuring out test pat- 
terns to test the blocks comprehen- 
sively was not trivial, and writing 
the test benches to perform the 
tests would require a substantial 
amount of time. I therefore defied 
conventional wisdom and postponed 
test and debug until all of the pieces 
were written and assembled. 
Following the bus arbitrator, my 
next task was to write the instruc- 
tion decoder. This chunk of logic 
reads the 8-bit instruction and de- 
cides, first, what operations the 
CPU will perform on what pieces 
of data and, second, in what se- 
quence to perform these operations. 
Zilog’s Z80 CPU Technical Manual 
(Ref 2) told me the sequence of op- 








erations that each instruction per- 
forms. The manual breaks instruc- 
tion cycles into one or more opera- 
tion or “machine” cycles. These ma- 
chine cycles include instruction 
fetch, memory read and write, in- 
put and output, and bus request and 
acknowledge, among others. Each 
machine cycle is further divided 
into two to seven T cycles, which 
is the number of clock cycles each 
machine cycle takes to execute. 
The technical manual provides 
such details as the opcode that 
causes the CPU to execute an 
instruction, a description of the 
instruction, the number of ma- 
chine cycles the instruction re- 
quires to execute, and the status 
flags the instruction affects. As 
an example, the ADD A,n instruc- 
tion causes the CPU to add the 
value n to the value in register 
A—also called the accumulator— 
and store the result in the same 
register. The instruction requires 
two M cycles to execute. The first 
M cycle, an instruction fetch, is four 
T cycles. The technical manual tells 
you that the second M cycle takes 
three T cycles. The manual leaves 
it to you to infer that this M cycle 
is a memory read. The read allows 
the CPU to read the immediate 


wun ft eng meet the same. oicanens For 
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| I of a criteria i Sin a node! S acounes: 
re relative. Counting the number of lines of code in a 
nodel, for example, is a useful measure of the relative 
encies of two models for the same function, but 
many lines of code should the function require? 
ng the relative criteria you can use to benchmark 


Is the model efficiently coded? 
Joes the model simulate well? 
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operand for the addition operation. 

Although the manual provides 
similar information for each of the 
Z80’s instructions, on several occa- 
sions I found the information in er- 
ror. Fortunately, Zilog bailed me 
out. The company maintains a docu- 
ment that describes each instruc- 
tion’s byte length and its number 
and sequence of machine cycles. I 





used the document to fill in some 
of the gaps, but it, too, was not 
perfectly accurate. 

You can write an instruction de- 
coder in several ways. You can ex- 
plicitly decode every one of the 
possible 64k 2-byte opcodes—of 
which less than 512 are actually 
used; you can explicitly decode just 
the opcodes used; or you can utilize 
patterns in the opcodes to reduce 
the opcodes to a reasonable num- 
ber. I carefully examined the op- 
codes for patterns that would allow 
my decoder to consolidate the num- 


tional features? 


ber of explicit opcode references. 
Still, the EDN model’s decoder rec- 
ognized and accounted for several 
features of the Z80 that complicated 
construction of the decoder. Among 
these features were 1- or 2-byte in- 
structions, operations involving the 
index registers, and operations in- 
volving the index register where 
the actual instruction isn’t read un- 
til the fourth clock cycle of the in- 
struction. 

The instruction decoder is large 
and has several levels of decoding. 
Even before it evaluates the par- 
ticular instruction, the decoder con- 
siders whether the instruction is 
the first or second byte of a single- 
or multiple-byte instruction. If the 
opcode is the second byte of the in- 
struction, flags set on the first pass 
through the decoder guide the op- 
code to the appropriate decode 
structure. As I did with the bus- 
arbitrator state machine, I imple- 
mented this decoder mostly with 
CASE constructs. My reasoning 
was similar. Fully specified decod- 
ers simulate faster as CASE state- 
ments than as IF, THEN, ELSE 
at no additional cost in logic. 

Although Zilog supplied me with 
the length of all instructions, I 
stumbled over some of them. For 


3) Does the model syibece ee | 
4) Is the model easy to coy for ¢ corr 
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boss’ inevitable question about the goodness of you 
model. Tell him it is the best model that has ever be 
written. In fact, tell him that you model i is s the 

all other models | aspire toward. 
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example, the Z80 instruction set in- 
cludes several exchange instruc- 
tions. EXX causes the CPU to ex- 
change the data pointed to by the 
address stored in BC, DE, and HL 
with the data pointed to by the ad- 
dress stored in the alternate regis- 
ters BC’, DE’, and HL’. What had 
me scratching my head was that the 
instruction apparently moved 96 
bits of data across an 8-bit bus in 
one clock cycle. The obvious solu- 
tion, as EDN’s Executive Editor 
Steve Leibson pointed out, was that 


the data didn’t move, but the regis- 
ter pointers did. 

The final large block in the model 
was the execution unit. This func- 
tion receives the decoded instruc- 
tion from the decoder and ensures 
that the processor performs the ap- 
propriate operations for that in- 
struction’s execution. The im- 
plementation approach I chose was 
to group instructions that per- 
formed similar operations into a 
subprogram. For example, the 
EDN model initially grouped all 
logical operations, all arithmetic 
operations, all I/O operations, and 
all load operations. 

In practice, the model ended up 
with several groups for some opera- 
tions. For example, the Z80 offers 
10 different addressing modes. I 
found putting all of these address- 


convert to bit vector 


(convert to integer(PC) + 1); 
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ing modes into a single procedure 
made the procedure extremely 
large—not to mention difficult to 
test and maintain. As a result, I 
broke these large groups into 
smaller, more manageable ones. 
These smaller procedures were eas- 
ier to visualize and therefore easier 
to debug. 

Although the instruction decoder 
and execution units compose the 
skeleton, the subprograms were the 
meat of the CPU. In these sections, 
the CPU actually performed the 
work that caused data movement, 
manipulation, and management. 
The subprograms loaded registers 
with operands, updated the se- 
quencer that guided the bus-arbi- 
tration state machine to its next 
state, and maintained the stack 
pointer and program counter. [roni- 














cally enough, these code fragments, 
constituting the greatest invest- 
ment of time yet, were often easier 
to write than the skeleton. - 

In large measure, these subpro- 
grams were easy to write because 
their operation and function was 
obvious—and sequential. If you 
wanted to increment the program 
counter, you could write 


PC 3 PC + 2 


which assumes that ‘+’ is over- 
loaded with a function that can add 
bit_vectors and integers and return 
bit_vectors (see box, “Adding is 
easy”). In contrast, some of the op- 
eration of the skeleton depended on 
signals and variables that were 
changed in different locations in the 
program. Signals were the most 
difficult to use. Although the value 
of variables can change in different 
parts of a process or in subpro- 
grams, concurrently executing 
processes can change signal values 
simultaneously. In practice, the 
danger of simultaneous processes 
forcing the same signal to different 
values was more of a conceptual 
problem. 

Don’t try to use VHDL signals in 
multiple processes to drive the 
same signal unless the signals are 
3-stateable. The signals are not 
democratic. They will contend for 
the wire. 

After falling into the trap several 
times, I realized that allowing sig- 
nals to be driven in more than one 
process created the potential for 
contention. The reason is that 
VHDL creates a driver for each sig- 
nal in a process. When you assign 
signal values to the same signal in 
more than one process, you have 
more than one driver. VHDL pro- 
vides only one means for arbitrating 
among these multiple drivers: using 
resolved signals. These signals call 
a resolution function that you define 
in one of your packages. The func- 
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tion evaluates each of the drivers 
and assigns a new value. Unfor- 
tunately, the function rarely as- 
signed the value I expected to the 
signal. Whereas I wanted the latest 
assignment to take precedence, the 
resolution function operated under 
the belief that both signals were 


Code efficiently 





contending. If the model had driven 
the READ low in one process, and 
then, in a later time interval, driven 
it high in another process, my aim 
was for the resulting signal value 
to be high. The contention forced 
the signal to the simulator value 
“unknown.” 





In many cases, fewer lines of code translate into better models. Bill — 
Billowitch found several examples in the EDN Z80 code where | took a 
simple procedure and made it more difficult. My coding style may have 7 
reflected either ignorance of the language’ s capability or-—more likely — 


an oversight of the obvious. 


Verbose 
if (bit i) = “1° ) THEN 
bit 2 := ‘1' |); 
ELSE 
bit 2 
END IF; 


= 'QO¢ ): 


A'£-bageret- 3 -| 
IF (Boolean) THEN 
Boolean := 
ELSE 
Boolean := 
END IF: 


FALSE; 


TRUE; 


Concise 
Bit 2 := bit i; 


Slop slob et: 
Boolean := NOT Boolean; 


- Another example regards performing data-bit rotates: 


flag(carry) := 


accumulator(i) := 
END LOOP; 
accumulator(0) := 


could be | 
flag(carry) := 


accumulator(7 DOWNTO 1) 
accumulator(0) := 


accumulator(7) 
FOR i IN 7 DOWNTO O LOOP 
accumulator(i-1); 


flacicarry); 


accumulator (7); 


accumulator(6 DOWNTO we . 


flag(carry); 
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In reality, what the model needed 
was to remove the signal driver 
that had driven READ low in the 
earlier process. In effect, these sig- 
nals are multiplexed on the same 
wire, so the model needed to force 
one driver to high impedance. Be- 
cause I didn’t always know, a priori, 
when to turn off a signal driver in 
a particular process, I found a dif- 
ferent approach. The approach inte- 
grates multiplexers and handshak- 
ing to turn interprocess-communi- 
cation signals on and off rather than 
directly driving signals in multiple 
processes. 

Signals and variables presented 
another problem. At the outset of 
the design, I tried to keep separate 
functions in separate processes; I 
knew that doing so would make the 
model easier to synthesize. As I 
wrote the model, the problem of in- 
terprocess communication inter- 
rupted my progress. When you use 
signals as interprocess communica- 
tors, their value isn’t updated until 
the end of the time delta. This time 
delta occurs after all of the sequen- 
tial code in the process, and in con- 
current processes, has executed. As 
a result, you can neither use the 
signal as an immediate branch- 
control mechanism in the same 
process, nor can you use the signal 
to communicate simultaneously 
with a concurrent process. 

Consider an example. In the Z80 
model, MACHINE_CYCLES is an 
enumerated type of all of the T 
states of the Z80. NEXT_STATE 
is a variable of MACHINE 
CYCLES that tells the bus-control 
state machine, instruction decoder, 
and execution unit what T state the 
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Z80 will go to next. During execu- 
tion, depending on what operation 
the CPU is _ performing, 
NEXT_STATE could be assigned 
in any of the three function blocks 
(bus control, instruction decoder, or 
execution unit). If NEXT_STATE 
were a signal in three processes, 
there would need to be a mechanism 
to turn off the other two signals 
whenever the third tried to drive 
the signal; this mechanism doesn’t 
exist. What the model needs is a 
more contorted mechanism for as- 
signing and deassigning the signal. 
A less sticky problem is that the 
current model  uses_. the 
NEXT_STATE variable as the 
new value for the variable 
BUS_STATE; you could move this 
assignment to the beginning of the 
process. 

It wasn’t until very late in the 
design that I had a revelation that 
might have saved me quite a lot of 
aggravation in dealing with this 
contention and coordination. When- 
ever I thought about coordinating 
multiple processes, I thought of a 
zipper metaphor—having the two 
(or more) processes trade signals in 
a coordinated fashion. Delayed sig- 
nal assignments invalidated this 
concept. A simpler approach would 
have been to assign all of the signals 
to variables at the beginning of a 
process and all of the variables to 
signals at the conclusion. Instead of 
a zipper, this method is a conceptual 
loop. 

Communication of another sort 
also presented a problem. In my 
first attempt at each instruction 
procedure, the model put addresses 
on the address bus and wrote to or 
read from the data bus depending 
on the instruction. This approach 
couldn’t work. If you put an address 
on the address bus, you must wait 
for the memory access time before 
you read the data, otherwise the 
data is invalid. This realization 
forced me to use an intermediate 


register for the data and another 
for the address. Inside the instruc- 
tion procedure, the model writes or 
reads information from these inter- 
mediate registers. The bus-arbitra- 
tion procedure controls when these 
intermediate values are put on or 
read from the appropriate external 
buses. 

While coding the model, I found 
that progress on some days was far 
better than on others. You should 
recognize that modeling is a concen- 
tration-intensive task. On some 
days, your concentration will be 


terrific, and you'll make excellent 


progress. On other days, your con- 
centration will be awful, and you'll 
be better off going fishing. 
Writing a good model doesn’t re- 
quire that you think exclusively 
like a programmer. However, 
there are programmer tricks and 
techniques that you can adopt to 
speed and simplify the task. 

I also learned several tricks that 
programmers and code writers 
probably take for granted and that 
hardware designers might not fully 
appreciate. In my few past experi- 
ences with writing code, I invari- 
ably forgot to close an IF construct 
or a parenthesis. Poorly localized 
and often vague error messages, 
upon code compilation, forced me 
to perform line-by-line searches in 
an attempt to find the missing ele- 
ment. There is a better way. 








First, Bill Billowitch of The 
VHDL Consulting Group in- 
structed me to open and close all 
constructs before filling in the de- 
tails. For example, the technique 
would recommend that you write 
“IF (condition) THEN” and “END 
IF;” and then fill in the middle. 
Similarly, you would write “con- 
vert_to_integer();” before filling in 
the value that you’d want to con- 
vert. In Listing 1, the comments 
tell the order in which I wrote the 
lines of code. The second technique 
Bill showed me was to indent my 
lines so the opening and closing con- 
structs are on the same vertical col- 
umn (Listing 1). Then, indent all 
of the lines of code within that con- 
struct. Arranging them so makes 
the absence of the beginning or end- 
ing of the construct that much more 
visible. 

Michael Bush, Codex’s system 
administrator, also provided some 
insights into how he writes pro- 
grams. Michael doesn’t write pro- 
grams sequentially. His technique 






SECRETS OF I 





is to write in sequence until he 
needs a procedure or a subprogram. 
Then, he writes the call inline and 
jumps to the declaration. Although 
he then writes the declaration 
statement, he doesn’t fill in the de- 
tails of the declaration until after 
he writes the main body of code. 
In this way, he ensures the consis- 
tency of the call and declaration by 
writing the statements at the same 
time. 

During the project’s planning 
stages, Bill and I had discussed 
having regular meetings at which 
we would evaluate our progress, 
look at and critique the models, 
and refine strategy. As we ad- 
vanced into the project, those meet- 
ings became impractical. Both the 
model’s complexity and Bill’s sched- 
ule made detailed analysis time con- 
suming and difficult to arrange. Al- 
though I hadn’t been getting de- 
tailed comments on my modeling 
style since fairly early on in the de- 
sign phase, when I finally decided 
to stop sending the model to Bill 





on a regular basis, I felt almost as 
a lion cub no longer under its 
mother’s watchful eye. 

Having written the first pass at a 
model, I needed to simulate and de- 
bug it. In the next article in the 
series, I will examine how I found 
and fixed the model’s syntax and de- 
sign errors. Simulating the design 
at the behavioral level using source- 
level debuggers may look different 
from the gate-level simulators you 
are used to, but they are far more 
similar than you might expect. GoW 
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Listing 1—VHDL architecture for reset state machine 


iaeilee Synthesizable of RESET is 


eae | | 
process» 
VARIABLE rst_act : 


VARIABLE clk_ cnt_before ; 
| clk ent | after : 


begin ~ 
wait until clk’event and clk = 


if ( RESET_n = /0° 
rst act := 


null; 
else 


end if; 

_+—=s «end *iif; 
end process; 
end yee cable: 
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| TRUE; 
if ( clk_cnt_before = 


clk_cnt_before := clk_cnt_before + 1; 


lst Declare the architecture 
3rd Begin the architecture — 
4th Declare the process 
6th Declare process variables 
integer range 0 to 3 :=0; == 7th 
integer range 0 to 3 :=0; -- 8th 
9th Begin the process 
10th 
11th Open 
13th 
14th Open 
16th 
17th 


Boolean := FALSE; 


‘i’? 
) then the IF, THEN, ELSE 


3.) then the embedded IF 


-- 18th 

-- 15th Close the embedded IF 

-- 12th Close the IF, THEN, ELSE 
-- 5th Close the process | 

-- 2nd Close the architecture 
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They'll be joining the thousands of 
American and Canadian executives, engi- 
neers and managers who travel to 
Hannover each year to attend the world’s 
most comprehensive showcase of in- 
dustrial equipment, components and 
systems. 6,000 companies from around 


the globe will demonstrate their latest 





innovations. Whether you're buying or 


Selling, studying international markets or 


Don't worry if 

yo T ri SC the eres 
Hannover Fair. 
Your competitors == == 
willlet you know “wins 
all about it. 











HANNOVER 
MESSE *93 


APRIL 21-28 


Further information: Hannover Fairs USA, Inc., 103 Carnegie Center, Princeton, New Jersey 08540, 
P.O0.Box 7066, Tel.: (609) 9 87 12 02, Telex: 5101011751, Fax: (609) 9 87 00 92 
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First in IEEE 488.2 Support 


SESS 


ee Ces 


First-rate applications support from our IEEE experts 


Onty lOtech provides you with first-rate 
IEEE support—from our comprehensive IEEE 
olcexe (tle mmol ac-ialalek Mm coMmel! | am) ¢ol-lammr-] 0) e)|(a-o 
tions support. Over the years, we have led 
the way with industry firsts—including our 
new high-speed IEEE interface for note- 
book PCs and our SCSI/IEEE interface for 
HP's new 705 and 710 workstations. 


Our record of IEEE firsts means that an 
investment in lOtech products guarantees 
you an easy upgrade path to new com- 
puter platforms and operating systems as 
they become available. And our commit- 
ment to first-rate support means that 
your application questions receive our im- 
mediate attention. In fact, we're so com- 
mitted to your satisfaction that you 
receive a 30-day, money-back guarantee 
on all lOtech products. 


For immediate response, call (216)439-4091. 


SCSI488/H 


Pee 


aaragaae 


[Otech, Inc. 
25971 Cannon Rd. ¢ Cleveland OH 44146 
(216) 439-4091 ¢ Fax (216) 439-4093 


First SCSI/IEEE interface for HP 700 Series workstations 





First SBus IEEE interface for Sun workstations the smart approach to instrumentation 
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Visual Basic” is a trademark of Microsoft. 
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a Channel Selection 
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First Visual Basic” front panels for Data Acquisition Instruments 





a 


First 1 Mb/sec PC/IEEE board with digital 1/O and counter/timers 





First family of IEEE Data Acquisition Instruments 





First IEEE bus analyzer with PC and front panel operation 


All other trademarks and trade names are the property of their respective holders. 














VXI Too Much? PC Boards Not Enough? 





























Consider the 
_Data Acquisition Alternatives 






















































Although VXI may be suitable for some test If you’re considering PC data acquisition eo 
canal See applications, it is overkill for many others. plug-in boards, consider |Otech’s new | _ 
poser Cc”. Now, lOtech offers a cost-effective alterna- DaqBook/100 alternative. 
tive: DAls, our multi-channel IEEE 488 Data 
! c Acquisition Instruments for computer-con- Notebook-based Data Acq—uwnlike 
trolled test systems. plug-in boards, the DaqBook/100 attaches 
18 swe to PCs via the parallel port—which means 
einer 8S. a Flexible System Design—wnlike VXI that it works as well with your notebook PC 
< modules, DAls require no expensive as with your desktop. What's more, the 
chassis. As a result, a DAI system can DaqBook/100 can transfer data over your 
! e\ cost a fraction of a comparable VXI PC's parallel port at 170 Kbytes/sec and 
| I san system. Moreover, because DAls ac- Tare [U(o(-cwr- Bx -reco) ale ey-1r-11(-1 ele lamcelmr-lar-laal 
! f commodate the industry-standard Tare elelm e)aialcoe 
o a IEEE 488 bus, they offer you unequal- 
alt led system-design flexibility: a DAI Small & Versatile—TheDagBook/100 __ 
acai system can be augmented with combines the functions of several plug- / (  ~ 
any of the thousands of IEEE Ta ofey-1ne kM [ame)al-maule le (=e m er-\eLc-le [mantels 7 d 
products on the market. fits under the average notebook PC. 7 28006. 
Software Support—Software Portable—Powered by 12V car ye 
options for DAI systems include battery, rechargeable nickel cad- 7 
DOS, Windows, and UNIX drivers mium battery, or AC line, the / 
and support from popular third- compact DaqBook/100 is truly 





party software packages such as portable, letting you locate your =e: 
Labtech™ Notebook®, HTBasic”, test system wherever your application 
LabWindows®, and LabView®. requires. 





For immediate response, call (216) 439-4091. 





DaqBook/100 Features 


¢ 16-ch, 12-bit, 100 kHz A/D 
expandable to 256 analog inputs 


Data Acquisition Instruments 


e ADC488/16 — 16-ch, 16-bit, 100 kHz A/D 

e Mux488/64 — 64- to 1024-ch multiplexer 

e Mux488/16SC— 16-to256-chthermocouple, 
ai Dyer laremvar-liamel-(e(om anole el(oncos 

e DAC488HR/4 — 4-ch, 16-bit, 100 kHz D/A 

e DAC488/4 — 4-ch, 12-bit D/A 

e Filter488/8 — 8-ch programmable filter 

e TempScan/1000 — 32- to 992-ch 
temperature measurement instrument 

¢ Control488/16 — 16- to 256-ch power 
controller — 


¢ Digital488HS/32 — 32-ch, 1 Mbyte/s 
fo lfolit Mm ACMialcaar- (a= 


e 512-step random channel/gain sequencer 

e 2-ch, 12-bit D/A 

e 24-ch, general-purpose digital I/O lines, 
expandable to 192 digital I/O lines 

Ce oes pam hCLOM a yacel(elit-lmialelele 

e 5-ch, 7 MHz counter/timer 

e 16-ch thermocouple option expandable to 
256 channels 


e 8-ch strain-gage option expandable to 
128 channels 


e Included drivers enable easy migration of 
F]e) 0) i(er-] eco) ar mine)aam ele) elUlr-lucers ie. mr. (ee | olor Kehs 





HTBasic’“ is a trademark of TransEra. Labtech™ Notebook” is a trademark of Laboratory 


Aether Uadeans and tade naniesare We:pmopeny fies tepecivebelien the smart approach to instrumentation 
lOtech, Inc. © 25971 CannonRoad °® _~ Cleveland, Ohio 44146 © ~~ Tel(216) 439-4091 ©® — Fax (216) 439-4093 
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Three dynamic OEM electronics conferences and exhibitions 
running simultaneously in The Invention State: 


g E leetro’ You'll see: 

International e Hundreds of exhibits from 
manufacturers of the latest in 
semiconductors and other 

Plus components; EDA tools and 
SMT/ Eeaei7o engineering software; test, 
measurement and 
instrumentation equipment; 
the Northeast’s ONLY 


; production materials and 
Dedicated Surface Mount services; surface mount 


Technology Conference and technology products, and 
Exhibition MORE 


and 
TEST /cleciro 


e Focused Conference 
Programs prepared by 
experts in Test, Measurement 
and Instrumentation; Surface 
Mount Technology; 
Communications Technology; 
Computer Technology; Video 
and Imaging; Software 
Engineering; Semiconductor 
Devices; RF/Microwave; 
Medical Electronics; and 
Integrated Design, 
Manufacturing and Test 


Mark Your Calendar: 
April 27-29, 1993 


a Dedicated Test, /|International 
Measurement and Raritan Center ¢ Edison, New Jersey 
Instrumentation Conference 

and Exhibition Jcleciro 


Garden State Convention Center ¢ Somerset, New Jersey 


For more information 
about Technology 
Week in New Jersey, 
call 800-877-2668. 


JilOCITO 


Garden State Convention Center ¢ Somerset, New Jersey 


Shuttle buses will run between the Raritan Center 


and the Garden State Convention Center 
throughout Technology Week. 


Electro is sponsored by Region 1, METSAC and CNEC, IEEE & 
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New York and New England Chapters, ERA eis 
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Why the commmunications industry 


talks about us. 





the ever changing commmunication industry's demands for portable power increase, Eveready® is 
there to meet the challenge. Introducing two new Eveready batteries—the Energizer® Hi Energy "AA" 


Lithium (#191) and the Energizer Alkaline "AAAA" (#E96)—to satisty the industry's needs tor more 


power and smaller size. With the Energizer Lithium you get the world’s longest lasting "AA battery. 





gizer Yet it weighs onethird less than alkaline "AA" batteries, and unlike other lithium 
systems, operates at 1.5 volts making it interchangeable with "AA" alkalines. You can use it at temperatures 
as low as -20° and store it for 10 years. The Energizer Hi Energy lithium is undoubtedly the most versatile 


"AA" on the market, today. 4 In the world of shrinking commmunications devices, no battery answers 





the call like the economical, consumer replaceable Energizer "AAAA‘ It's pertect 


for hand held applications and promises Energizer power for today’s slimmer, smaller designs. 





Eveready wants to help make your new product successful — so make us part of your design program. 


EVEREADY 


aa EVEREADY 





We exis: sateutiis that enero 4p EVEREADY, 


For technical information on these or other Eveready batteries, a your Eveready OEM Representative at: Pi 
Dallas, TX (214) 241-9100; Duluth, GA (404) 279-0228; Lisle IL [708] 964-8668; South San Francisco, Mies 


CA [415] 875-2800; Saddle Brook, NJ 01 } 845-5400 
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Getting the most 
out of redundant arrays 
of inexpensive disks 











John McBride, Hewlett-Packard Co 


Large databases demand fault tolerance. Re- 
dundant arrays of inexpensive disks (RAIDs) 
can deliver, but first you’ve got to choose an 
architecture. 


In the 90s, as computer databases require more and 
more storage capacity, redundant arrays of inexpen- 
sive disks (RAIDs) are gaining in popularity. The six 
RAID architectures, or levels, let you have redundant 
data on an array of small hard-disk drives. (Ref 1 
describes five of the RAID architectures: RAID 1, 2, 
3, 4, and 5.) Of the six, RAID 1 and RAID 5 are gaining 
the widest acceptance. To choose the right RAID archi- 
tecture for your application, you must factor in such 
features as cost per megabyte, throughput per disk 
drive, and the hardware required to implement the 
array. Once you've chosen an architecture, you'll have 
to determine the best data-block size and how to mini- 
mize multiple drive accesses for single oper- 
ations. 

Both RAID 1 and RAID 5 describe block-striped 
arrays. Block striping divides data into multiple blocks, 
which an array controller stores in separate drives 
across the array and automatically balances the storage 
_ load across the array. The block size is the amount of 
contiguous data on a single disk. The advantage of 
block striping is that each drive can independently 
service a read request that is equal to or less than the 
block size. 

A RAID 1 array stores data with mirrored redun- 
dancy. Anytime the controller writes a block to a disk, 
it writes the same block to a mirror disk. A traditional 
mirrored pair of drives is the same as a 2-drive RAID 
1 array. 

A RAID 5 array block stripes data and a parity block 
for each array sector. If there are N drives in the 


array, the controller writes a different block of data 
to each of the N—1 drives in the array. The controller 
writes a parity block for the data on the N-1 blocks 
to the Nth drive in the array. As the controller contin- 
ues to write more blocks to the array, the updated 
parity block rotates from one drive to the next drive 
(Fig 1). A 5-drive RAID 5 array with parity provides 
the same amount of storage as an 8-drive RAID 1 array 
with mirrored redundancy. 

To take full advantage of a block-striped array, the 
array controller must be able to queue commands from 
the host. Command queuing lets the array service mul- 
tiple I/O requests concurrently. When an array control- 
ler doesn’t provide command queuing, the host com- 
puter can service only one transaction at a time. With- 
out command queuing, the array behaves as a single 
disk drive with redundancy. 

Block size is another important consideration. You 


should choose a block size large enough so that the 


majority of array accesses are within one block. Each 
access to the array that is larger than a block involves 
accessing two or more drives. Efficient command queu- 
ing can minimize the penalty paid for accessing more 
than one array for a single transaction. The trick is 
keeping all the drives busy through command reorder- 
ing or data buffering. The penalty for too small a block 
size is less when all the drives are busy than when one 
drive is idle waiting for other drives to be free from a 
multiple-drive access. 

To demonstrate the performance penalty you'll incur 
for an inadequate block size, consider an array with a 
block size smaller than the majority of accesses to the 
array. Let’s say the host operating system requires 
16-kbyte read operations from a RAID array with 
either 16- or 8-kbyte blocks. The first scenario has the 
host reading 16-kbyte blocks 20% of the time and 8- 
kbyte blocks 80% of the time. In the second scenario, 
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RAIDs 


SECTOR DRIVE 1 


BLOCK 0 
BLOCK 4 
BLOCK 8 


DRIVE 2 


_ BLOCK _ 
_ BLOCK4 
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BLOCK 1. 


- BLOCK5 


BLOCK 9 
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Fig 1—The RAID 1 and RAID 5 array architectures both offer redundant data storage for fault-tolerant applications. A RAID 1 array 
has a mirrored disk drive for every storage drive in the array (a). A RAID 5 array has a parity block for all the blocks of data contained 


in each array sector (b). 


the host reads 16-kbyte blocks 100% of the time. For 
an 8-kbyte block size, a 16-kbyte read operation re- 
quires access to two disk drives. (Note that write op- 
erations exhibit the same performance figures as 
reads. ) 

Tables 1 and 2 show typical performance figures for 
the two scenarios for the RAID 1 and RAID 5 architec- 
tures, respectively. The figures are based on the calcu- 
lations performed in the box, “Insufficient block size 
degrades performance.” Note that the degradation 
caused by a small (8-kbyte) block size is the same for 
both RAID arrays. You might expect that the number 
of I/Os per second would drop by 50% when a RAID 
5 array performing 100% 16-kbyte reads changes from 
a 16-kbyte block size to an 8-kbyte block. However, 
these calculations were made assuming that all the 
disk drives are kept busy, so disk-drive accesses occur 
in parallel. 

When a small portion (20%) of reads requires more 
data than an 8-kbyte block size, the performance pen- 
alty is small (14%). However, when all accesses exceed 
the block size, there is a severe penalty (48%) because 
two disk drives must service one request. Remember, 
these figures assume maximum concurrency. Degrada- 


‘Table 1—Baseline RAID 1 performance. 




























Percentage of —— | performance .§#§ 
16-kbyte reads | Blocksize | __ (I/Os/sec) Degradation — 





20% 16 kbytes _ 
Bkbytes | 43 
[te koytes | 254 


8 kbytes | 


4 





: 14% _ : 
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tion is considerably worse when the array controller 
doesn’t access disk drives in parallel. 

In the real world, not all—in fact, most—disk-drive 
accesses occur in parallel. One command-queuing tech- 
nique to manage drive accesses efficiently is to have 
the array controller reorder requests. Reordering a 
request requires the host computer to keep track of 
which commands have been serviced and which have 
not. Reordering adds overhead to each command, 
which might negate its benefits. Another technique is 
to include a large data buffer (preferably greater than 
1 Mbyte) to store data while the array controller waits 
for an available drive. To use a buffer, the host operat- 
ing system must let commands execute out of order. 

To illustrate the effects of inefficient disk-drive ac- 
cess consider a RAID 5 array comprising five drives 
and having a block size of 8 kbytes. Assume there are 
100% 16-kbyte read operations and that the array con- 
troller doesn’t reorder requests. If the first read opera- 
tion accesses drives 2 and 3, then there are only two 
ways the second read can be concurrent with the first: 
The data must reside on drives 4 and 5 or drives 5 and 
1. Because the RAID 5 architecture sequentially writes 
blocks of data to the drives on a rotating basis, the 


_ Baseline = = 
| performance | ~~ - 
| (W/Osisec) | Degradation 


__16-kbyte reads 


Block size _ 
| 16 kbytes | oe 
[Bley 

ee ee a 








Insufficient block size degrades performance 


Choosing the right block size is criti- 


cal to an array’s performance. — 


Consider both an 8-drive RAID 1 
array and a 5-drive RAID 5 array 
for two block sizes—8 kbytes and 
16 kbytes. (An 8-drive RAID 1 array 
provides the same storage capacity 
—as a 5-drive RAID 5 array.) In addi- 
tion, assume that concurrency 
keeps all the disk drives busy. Now 
consider two scenarios: The first 
scenario is for 16-kbyte reads 20% 
of the time and 8-kbyte reads 80% 
of the time. The second is for 100% 
16-kbyte reads. 
Disk drives typically have: 
@ average seek time (with disk- 
controller overhead) = 15 msec 
@ single-spin rotational latency 
= 16.7 msec 
® average rotational latency 
=(16.7 msec)/2=8.3msec 
®@ data transfer rate = 2 Mbytes/sec. 
First, we'll calculate the RAID 1 
array performance for an 8-kbyte 
block size and 20% 16-kbyte reads 
and 80% 8-kbyte reads. The single- 
drive response time (SDRT) for 8- 
kbyte reads = average seek time + 
average rotational latency + 
time to transfer 8 kbytes from disk. 


SDRT = 15+8.3+(8192 bytes)/ 
(2 Mbytes/sec) = 27.429 msec. 


The single-drive transfer rate (SDTR) 
for reading an 8-kbyte block =1/ 
(SDRT) = 36.46 |/Os/sec. 

For an 8-kbyte block size, a 16- 
kbyte read requires access to two 
drives, and an 8-kbyte read re- 
quires access to one drive. There- 
fore, there are six disk accesses 
for every five requests from the host 
under the first scenario. The transfer 
efficiency is then 5/6 x 100% =83%. 

The RAID 1 performance, or ar- 
ray transfer rate (ATR), for an 8- 
kbyte block size is 0.83 x number 
of drives X SDTR. 


AIR=0.83 X 8 X 36.46 = 243.05 
[/Os/sec. 


Second, we'll calculate the RAID 
| array single-drive transfer rate 
(SDTR) for a 16-kbyte block size. 
Again, the scenario is 16-kbyte 
reads 20% of the time and 8-kbyte 


reads 80% of the time. The SDRT | 


for a 16-kbyte block size = average 
seek time + average rotational la- 
tency +time to transfer 16 kbytes 
from disk. 


SDRT = 15+8.3+ 16,384 bytes/ 
(2 Mbytes/sec) = 31.525 msec. 


SDTR = 1/SDRT=1/31.525= 
31.72 |/Os/sec. 


Because all read requests are 
equal to or less than the 16-kbyte 
block size, the number of read re- 
quests equals the number of disk 
accesses. Thus, the transfer effi- 
ciency is 100%. The RAID 1 array’s 
transter rate (ATR)=(fraction of 8- 
kbyte reads) X (number of drives) 
x(SDTR for 8-kbyte reads) + 
(fraction of 16-kbyte reads) x (num- 
ber of drives) x (SDTR for 16-kbyte 
reads). 


AIR=0.8 x 8 X 36.46+0.2x8x 
81.72 = 284.08 |/Os/sec. 


Comparing the RAID 1 array per- 
formance for an 8-kbyte block size 
versus a 16-kbyte block size, the 
performance loss due to inade- 
quate block size is 


loss = ((284.08 — 243.05)/ 
284.08) xX 100% = 14.44%. 


Change the drive number 

The analysis for a RAID 5 arch- 
itecture performing 80% 8-kbyte 
reads and 20% 16-kbyte reads is 
similar. The only difference is that 
there are five disk drives instead 
of eight. The RAID 5 performance 
loss due to inadequate block size 
turns out to be the same as for 
the RAID 1 array. Calculations 


EDN-DESIGN FEATURE 


for a 5-drive RAID 5 array yield 


ATR for 8-kbyte block 
size = 151.91 |/Os/sec. — 


ATR for a 16-kbyte block 
size = | 77.55 |/Os/see. 


Performance loss = 
(177.55- 151.91) 
177.95) X 100% = 14.44%. 


To make the performance loss 
due to small block size more obvi- 
ous, now consider the scenario for 
100% 16-kbyte reads. An array 
with a 8-kbyte block size will always 
require two disk accesses for every 
16-kbyte host request. Therefore, 
the array’s transfer efficiency is 1/2 
x 100% = 50%. 

For 100% 16-kbyte reads, the 
performance of the RAID 1 array 
with an 8-kbyte block size is 
50% X (number of drives) x (SDRT 
for an 8-kbyte block). 


ATR=0.5 X 8 X 36.46= 
145.83 |/Os/sec. 


For a 16-kbyte block size, the 
number of host accesses equals the 


‘number of disk accesses, so the 


transfer efficiency is 100%. For 
100% 16-kbyte reads, the RAID 1 
array’s performance is (number of 
drives) X (SDRT for a 16-kbyte block 


size). 


ATR=8 X 31.72= 253.76 I/Os/sec. 


For 100% 16-kbyte reads, the 
RAID 1 array’s performance loss — 
due to inadequate block size is 


Loss =(253.76 — 145.83)/ 
253.76 X 100% = 42.53%. 


Similar analysis on the 5-drive RAID 
5 array produces the same 42.53% 
performance loss. 
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total number of possibilities for a read operation is 
5—drives 1 and 2, 2 and 3, 3 and 4, 4 and 5, and 5 and 
1. Therefore, the probability that two read operations 
will be concurrent is 2+5=0.4. 

To calculate the average concurrency for more than 
two read operations, you must analyze the joint prob- 
abilities for concurrency considering all possible read 
combinations. For the RAID 5 architecture, a Monte 
Carlo computer analysis determined the average con- 
currency for a number of requests ranging from 2 to 
10 when there are 100% 16-kbyte reads and the block 
size is 8 kbytes (Table 3). The average concurrency 
asymptotically approaches 0.67 for a large number of 
requests. A similar analysis was performed for the 
RAID 1 architecture. The average concurrency asymp- 
totically approaches 1.96 for a large number of requests 
(Table 4). 

An array’s performance is given by 


array I/O rate =(1+ average concurrency) X single- 
drive I/O rate. 


The single-drive I/O rate is 36.46 I/Os per sec for the 
RAID 5 configuration and 31.72 I/Os per sec for the 
RAID 1 configuration. Column 3 of Table 3 tabulates 
the RAID 5 array performance for M read requests. 
Column 4 tabulates the performance loss due to drive 
inactivity when read accesses aren’t concurrent. The 
degradation is relative to the baseline RAID 5 perform- 
ance tabulated in column 4 of Table 2. That perform- 
ance assumed 100% 16-kbyte read operations, a 16- 
kbyte block size, and no idle drives. 

Similarly, column 3 of Table 4 tabulates the RAID 
1 array’s performance for M read requests. Column 4 
shows the percentage degradation due to drive inactiv- 
ity when read accesses aren’t concurrent. The degrada- 
tion is relative to the ideal RAID 1 performance tabu- 
lated in column 4 of Table 1, where 100% 16-kbyte 
read operations access a 16-kbyte block size and all 
drives are busy. The results of Tables 3 and 4 display 
a marked performance degradation from the situation 
where all disk drives are busy. Computing the average 
concurrency is quite complex when you have a mixture 


Table 3—Average concurrency for 
RAID 5 array 


Performance loss due 
Array to drive inactivity 
performance |_ relative to baseline 
(l/Os/sec) 


Average 
concurrency 


performance 
(159-51)/159 = 0.68 
(159-57)/159 = 0.64 
(159-59)/159 = 0.63 
(159-61)/159 = 0.62 
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Table 4—Average concurrency for 
RAID 1 array 


Performance loss due 
to drive inactivity 
relative to baseline 

performance 


(254-73)/254 =0.71 
(254-94)/254 =0.63 
(254-103)/254 = 0.60 
(254-106)/254 = 0.58 
(254-108)/254 = 0.57 


Array 
performance 
(I/Os/sec) 


Number 
of Average 


reads | concurrency 


of 16- and 8-kbyte reads. But the bottom line is that 
an array’s performance is severely limited when disk 
drives remain idle while waiting for another drive. 

When the block size is chosen so that most of the 
accesses are smaller than the block size, there’s still 
the possibility that the controller will have to access 
disks having data that aren’t aligned with the block 
boundaries. Misalignment means that the controller 
must access data that straddles the boundaries of two 
blocks. If the block size is 8 kbytes and all 8-kbyte 
accesses are aligned with the block boundaries, then 
all 8-kbyte accesses require only one disk to service 
the request. If the data and boundaries aren’t aligned, 
some requests may require access to two drives. 

For example, if a host computer typically reads data 
from a 512-byte logical sector for a single disk drive, 
every 8-kbyte data transfer will require reads from 
16 array sectors. If the host randomly chooses any 
sector as a starting sector, then 93.75% (15/16) of the 
starting addresses won’t be aligned with the array’s 
8-kbyte block boundary. 

Misalignment results in the same problem as having 
the wrong block size: Two drives must accommodate 
a single request. Even worse, misalignment requires 
two drive seeks to service an 8-kbyte request whereas 
an 8-kbyte block size requires two seeks for 16 
kbytes—twice. the data. The throughput penalty in 
megabytes per second will be less for misalignment 
than for a too-small block size. If possible, the file 
system could correct for misalignment by reordering 
the requests to ensure that all array accesses are 
aligned with the block boundaries. You can also correct 
for alignment errors by using a larger block size, such 
as 32 kbytes. However, large block sizes can negate the 
benefit of automatic load balancing across the array. 

Finally, you should look at the pros and cons of 
RAID 1 and RAID 5 to determine which architecture 
is most appropriate for your application. The primary 
reason for RAID 5’s recent popularity is that the archi- 
tecture requires fewer redundant disk drives and 
therefore has a lower cost per megabyte than RAID 
1. However, RAID 1 arrays have a higher throughput 
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— Dual-Output Regulator Steps-Up from 2V Battery with 87% Efficiency 


These dual-output switching regulators provide an unbeatable combination of high efficiency, low 
supply current, and small size. They fit perfectly in palmtop and other battery-powered microprocessor 
system designs. Integrated features include low-output-voltage warning, automatic switch-over 
between battery power and wall-adaptor power, logic output signalling when wall-adaptor is in use, 
and a mini back-up switcher powered by the back-up battery to keep-alive memory and clock. 
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HIGH POWER 
FACTOR 


Custom Switching Power Supplies 
for @Engineering work stations 

@ Computer main frames 

@ Computer peripheral equipment 

@ Business equipmen 

®@ Telecommunicati 


@ High power factor 0.99 
@ Design, manufacturing in Japan 
@ Repair center in U.S.A. 


FDK also specializes in DC-DC converters, hybrid ICs, memory 
cards, ferrite cores, lithium batteries, stepper motors, optical 
isolators, etc. 


EDK Your Best Strategic Partner 
F'DK AMERICA, INC. 


A Division of Fuji Electrochemical Co., Ltd. 
San Jose Office: 3099 North First Street, San Jose, CA 95134, U.S.A. 
TEL: 408-432-8331 FAX: 408-435-7478 


Dallas TEL: 214-650-7742 FAX: 214-650-7792 
Boston TEL: 617-487-3198 FAX: 617-487-3199 
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per disk drive when there is a small number of transac- 
tions (see the analysis in Ref 2). Also, RAID 1 is 
simpler to implement. RAID 5 requires extra hardware 
buffers and firmware to handle read-modify-write cy- 
cles for updating the parity block. 

RAID 5 write operations are much more complicated 
than those for RAID 1. In order to keep the parity 
block current, the controller requires four accesses to 
write data to a RAID 5 array: read data, read parity, 
write data, and write parity. In contrast, a controller 
only has to write to both drives in a mirrored pair 
when writing to a RAID 1 array. Also, a write to a 
RAID 1 array can be broadcast to all drives in the 
array. RAID 5 writes cannot be broadcast to other 
array drives. 

The overriding performance limiter in disk arrays 
is having multiple disk accesses servicing a single re- 
quest from the host. Because RAID 5 requires more 
accesses to perform a write, the drives can be idle 
while waiting to complete the write operation. RAID 
5 is not the best choice in applications requiring a 
small amount of transactions. However, for large data- 
bases that must handle many transactions, the lower 
cost of a RAID 5 array certainly justifies its use. GL] 
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-42t PROGRAMMERS! 


Maxim provides the world’s smallest +12V flash memory programming power supplies, whether for a single byte-wide 
chip or a large array of flash chips. Fit these compact DC-DC circuits into a 0.2in@ to 0.7in? corner of your board. The 
MAX717 family even integrates a 3.3V or 5V main system supply along with the +12V supply for additional space savings. 
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4 12V Output Switches to 5V for 
PCMCIA 





« ‘The 200kis operating frequency and use of cur- 
Tent-mode pulse-width modulation (PWM) allow use of 
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LOWEST NOISE OP AMPS FOR 
+5V SYSTEMS 


Guaranteed Less Than 2.4nV/\VHz Noise 


Maxim's new MAX410/MAX412/MAX414 single, dual, and quad op amps deliver superior noise 
performance when you need it most—when supply voltages and power requirements are low. 
Noise voltage is guaranteed (by 100% testing) to be less than 2.4nV/VHz at 1KHz. And while 
operating from +5V supplies, these devices guarantee an output voltage swing of 7.3Vpp. Ideal for 
low-level signal conditioning, the MAX410/MAX412/MAX414 excel in audio circuits, active filters, 
and high-resolution, high-speed data acquisition applications. 
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We've reduced failures to 0.05ppm. And we're still not satisfied. 


When it comes to photocoupler in-house and tested to our own Safety standards. 

quality, NEC does not compromise. rigorous standards. As a result of Our photocouplers come ina 
We never want one of our photo- _ all these efforts, our photocoupler wide variety of types in 4-pin or 6- 
couplers to cause a power supply _ failure rate is phenomenally low — pin DIP, including DC- or AC-input 


problem. And we go to extreme less than 0.05ppm. and single- or darlington-transistor 
lengths in pursuit of that goal. NEC photocouplers give you output. They are designed for 
NEC photocouplers are pro- exceptional isolation and problem-free reflow soldering. 
duced on fully automated facilities resistance to heat and humidity. Super-reliable photocouplers 
that assure the integrity and C11 5.0kV r.m.s./minute. can enhance the quality of your 
uniformity of their double-molded LI PCT>200 hours. switching regulated power supply 
design. And they incorporate LEDs_ They satisfy your needs for without raising costs. To get the 
and photo transistors produced UL1557, BS415 and VDE0884 facts, call NEC today. 
For fast answers, call us at: Usa tel:1-800-632-3531. Fax:1-800-729-9288. Tel:0211-650302. Fax:0211-6503490. 
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EMS II High Power Switchers. 
You've never seen power this clean. 


The new EMS II Series Switch Mode ¢ Models available from 600 Watts to 
DC Power Supplies give you clean power, 15,000 Watts, 10 and 3@ 
every time...with no — | 
glitches, spikes or head- 
aches. In fact, they cians 
handle the highest load circuit protection 


of power per cubic inch ¢ IEEE-488 program- 
in the industry. Here a *  mability and RS-232. 
RRR a ee one yon The EMS II DC Switchers. They can 
ecision easier: 
wash away your high power problems... 
* SOmV P-P PARD, 35mV typical once and for all. For more information or 
¢ 0-3 VDC @ 600A to 600 VDC @ 16A literature, contact: 





¢ No derating required 
¢ Overload and short 


‘Oy ELECTRONIC MEASUREMENTS, INC. 


405 Essex Road, Neptune, NJ 07753 e Telephone: 908-922-9300 @ FAX: 908-922-9334 
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EDITED BY CHARLES H SMALL & ANNE WATSON SWAGER 


Simulation technique emulates oscilloscope 


Alan Wolke, AMP Inc, Somerville, NJ 


Using the following technique, you can make your 
simulator act like an oscilloscope by displaying repeti- 
tive waveforms vs an arbitrary fixed-frequency refer- 
ence. The simulator display is similar to the display 
on an oscilloscope triggered from the same reference. 
One example in which this technique is useful is analyz- 
ing transition time deviations, or jitter, of a digital 
communications signal. 

The trick is to emulate the horizontal sawtooth oscil- 
lator in the oscilloscope and display your waveform 
vs the sawtooth, just like the old recurrent sweep 
scopes do. Using the Probe function available in a com- 
mercial version of Spice (PSpice of Microsim Corp, Irv- 
ine, CA), you can generate the sawtooth wave using 
the following statement: 


t 
m1 * (time —d——) 
a Gh ee ee) 


scope(t,d) =t * pe ee ty (1) 


In the equation, time is the sweep variable time from 
the transient analysis; t is the sawtooth period, which 
is also the desired time window; and d is the sawtooth 
delay, or retrace location in time. 

If your simulator or postprocessor supports the MOD 
function, the sawtooth-generator statement is as sim- 
ple as (time—d)MOD(t). The simulator used in this 
example lets you define functions in a macro file called 
PROBE.MAC. The following two lines in a 
PROBE.MAC file use the SCOPE(t,d) sawtooth func- 
tion: 


pi = 4*atan(1) 


scope(t,d) =t *(atan(tan(pi * (time -—d—t/2)/t))/pi+1/2) (2) 

Fig la shows the simulated output of a simple differ- 
ential amplifier vs time. The input to the amplifier is 
a 50% duty-cycle bit stream. Analyzing the deviation 
of each transition time from its ideal position would 
involve tedious zooming and recording of data at each 
edge. 

However, Fig 1b shows the same waveform plotted 
over a repetitive 24-nsec window. You produce this 
waveform by changing the x-axis variable in Eq 1 from 
the sweep variable time to the function scope(t,d) in 
Eq 2. In other words, you change the x axis from a 
linear time variable to a sawtooth variable. 

For example, changing the x-axis variable to 
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SCOPE (24n, 0) 


Fig 1—The standard simulator output of voltage vs time (a) doesn’t 
let you easily analyze transition deviations of a repetitive wave- 
form. However, changing the X-axis variable from time to a 
sawtooth waveform produces overlapping waveforms, or eye pat- 
terns (b). This display lets you analyze transition deviations more 
easily. 


SCOPE(24n,0) creates a sawtooth that starts at 0 nsec 
when time =0, ramps up to 24 nsec, and then repeats. 
This creates an overlay of 0- to 24-nsec segments. You 
can use the variable d, which is set to 0 in this case, 
to slide the waveform window in time. Proper selection 
of t and d will result in a synchronized recurrent sweep 
that determines whether the simulator’s retrace signal 
is buried under the signal (as it is in this example) or 
readily discernible. EDN BBS /DI_SIG #1207 Ge 
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Laser-diode model accounts for temperature 


Lawrence G Meares, Intusoft, San Pedro, CA 


Simulating the output power of a laser as tem- 

Yam perature changes is an important but difficult 
Crti™ task. An increase in optical output power ac- 
companied by a decrease in temperature can cause 
laser burnout. This laser-diode model includes a second 
diode that monitors changes in optical power with tem- 
perature. You can use the output of the monitor diode 
to change the bias of the laser diode. 

Fig 1 shows the laser-diode subcircuit; Listing 1 is 
the corresponding netlist. The areas within dashed 
lines indicate external components used for testing 
only. D1 (DLASER) provides the voltage and current 
characteristics of the laser and will exhibit variations 
in operating point vs temperature. In this particular 
ease, D1 is a macromodel of the Hitachi HL7801E 
GaAlAs laser diode. To adapt the model to other laser 
diodes, adjust the energy gap (EG), saturation- 
temperature exponent (XTI), and saturation current 
(IS) to provide the correct voltage and current re- 
sponse vs temperature. You can use the .TEMP com- 
mand to alter the laser’s operating temperature. 

The remainder of the subcircuit model generates the 
proper monitor-diode current. The standard Spice di- 
ode produces an increase in current flow with tempera- 
ture. To generate a negative-temperature-coefficient 
response to optical power, the model uses the arrange- 
ment of H1, R8, 12, and D2. Along with D2, H1’s 
multiplying constant, R3’s temperature coefficient, and 
{2’s current establish the monitor-diode-current vs for- 
ward-current response. The laser-diode response is 


! 








Listing 1—Spice netlist for laser diode 


-SUBCKT LASER 2 3 11 
*Laser Diode A C | 
*Monitor Diode 

D1 1 3 DLASER 

-MODEL DLASER D(RS=1.5 EG=2.8 XTI=3 N=1 IS=1E-30) 
His 705 Na-24 

D2 8 9 DIODE3 

-MODEL DIODE3 D(EG=0) 
R1l 9 O 100 

G110119 0 .0012 

D3 11 10 DIODE 
-MODEL DIODE D(CJO=5PF) 
R3 7 8 1 TC=.0085 

12 8°T 39 

Ci 98@: 50P 

Vie 2s 

- ENDS 


much faster when the diode is turned on than when it 
is turned off. C1 and R1 control the impedances of the 
model and thus the response performance. When the 
diode is in the low power region, the time constant set 
by R1 and Cl sets the response time at 5 nsec. At 
higher power levels, the RC impedance becomes negli- 
gible, and the response time of the diode decreases. 
This model sets the capacitance of D3 at 5 pF to 
mimic the transient performance of the actual monitor 
diode. G1 uses a conversion factor of 0.0012 to convert 
its input, which is analogous to the optical power, into 
the proper scaling units for the monitor-diode current. 
This configuration lets you use the monitor diode to 
control the biasing of the laser diode. EDN BBS / 
DI_SIG #1208 EDN) 
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Fig 1—The expanded laser-diode model (a) shows a monitor diode, which keeps track of the change in output power with temperature. 
How the model would appear on a schematic is shown in (b). 
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In plastic and ceramic packages, for low-cost solu- 5° be cit orice $ (25 -aty) 
Circuits’ flatpack or surface-mount wideband monolithic” 





amplifiers. For example, cascade three MAR-2 monolithic PLAST ++VAM-3 +VAM-6  ++VAM-7 
i : : SURPAGE- MOUNT 1.45 1.29 £75 
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz : 
amplifier for less than $4.50. Design values and circuit 300 Suitix SM fe uo weg Nee Se ep oe 
board layout available on request. (ex. MAR-ISM) MAV-1 +MAV-2 +MAV-3  MAV-4 MAV-11 
It's just as easy to create an amplifier that meets Lae ae Nl Le eal Y 
otter, Specific needs, whether it below neise, high:Gdin,< “Spemeuamctes: aor aoe dee doe cae dee 
or medium power. Select from Mini-Circuits’ wide — prastic MAV-1 +MAV-2 +MAV-3. +MAV-4 MAV-11 
assortment of models (see Chart), sketch a simple inter- — FLAT-PACK 1.10 1p ie 190 zie 
connect layout, and the design is done. Each model eae Yee ae eee epee 
is characterized with S parameter data included in our FreqwHzbcto 1000. 2000. +2000. +1000. °+«2000.~~+»2000.~°~*«»#1000”~CS«dC 
740-page RF/|F Designers’ Handbook. — Gain, dB at 100MHz = 18.5 12.5 12.5 8.3 20, 13.5 32.5 12.7 
All Mini-Circuits’ amplifiers feature tight unit-to-UNnit output pwr +dBm 15 AS 10.0 jae EBS 55 125 175 
repeatability, high reliability, a one-year guarantee, tape pgp ae ae ant sie a0 ~ 25 Be 


and reel packaging, off- 


; ws ; : DC-1500MH ++ Gain 1/2 dB less than sh 
the-shelf availability, with Notes: + Frequency range DC z ain ess than shown 
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Behavioral model emulates universal filter 


Bashir Al-Hashimi, Matthey Electronics, Stoke-on-Trent, UK 


_ Listing 1 is a behavioral model implemented 
in PSpice (Microsim Corp (Irvine, CA)) that 

Yom simulates lowpass, highpass, and bandpass fil- 
ters using the Laplace function. The model can simu- 
late second-order and unity-gain filters of various types 
including Butterworth, Chebyshev, and Bessel. The 
behavioral model treats a circuit like a black box, which 
you can describe using an equation or table. 

The model caseades a highpass and lowpass filter. 
The transfer functions of the highpass and lowpass 
filters, respectively, are as follows: 





Vin S° 


Vv, S'+d2S+al 





Vour _ as 
S?+a4S+a3 





where al, a2, a3, and a4 are expressions describing 
the filter characteristics. The model expresses these 
equations using Laplace descriptions of voltage- 
controlled voltage sources. Nodes 1 and 2 are the input 
and output of the highpass filter, and nodes 2 and 3 
are the input and output of the lowpass filter, respec- 
tively. 

To use the model to simulate a particular filter func- 
tion, you specify the parameter values of FC1 and 
FC2, which are the 3-dB frequency points of the high- 
pass and lowpass filters, respectively. To simulate an 
overall highpass-filter response, FC2 needs to be suffi- 











-PARAM omega=({-} 
.PARAM Q=(-) 
.PARAM Fcl=(-} 
.PARAM Fc2=({-} 
.PARAM PI=({3.1416) 


- PARAM PI_SQUARE={PI*PI)} 


-PARAM a2={2*PI*Fcl*omega/Q) 


-PARAM a4={2*PI*Fc2*omega/Q} 


*Filter model description* 


ELOW 
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Listing 1—Universal-filter netlist 


- PARAM al=({omega*omega*4*PI SQUARE*Fcl*Fc1l} 


- PARAM a3={omega*omega*4*PI_ SQUARE*Fc2*Fc2 } 


EHIGH 2 0 LAPLACE {V(1) )=((S*S)/(S*S+a2*S+al) } 


3 O LAPLACE {V(2) )={(a3)/(S*S+a4*S+a3) } 


Table 1—Filter-function settings 


Required 3-dB point 


Lower 3-dB point 


Lowpass Required 3-dB point 
Highpass 


Bandpass Upper 3-dB point 


Table 2—Filter-parameter settings 











Filter type 
Butterworth 


Bessel 


ciently large so it won’t interfere with the action of 
the highpass filter. Table 1 presents the available op- 
tions. You can use Table 2 to choose the omega and 
Q parameters to achieve the particular filter character- 
istics. Note that this simulation method is independent 
of the actual filter’s technology and is equally applicable 
to passive, active, switched, and digital filters. EDN 
BBS /DI_SIG #1209 , EDN 
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see table.2 
see table.2 
Highpass 3dB frequency point 


Lowpass 3dB frequency point 





Constant 
Constant 


; Highpass filter parameters 













; Lowpass filter parameters 






; Eq.(1) Pspice text code 





; Eq.(2) Pspice text code 





PHILIPS POWER SUPPLIES 








When we say power, 
We mean power 









Philips Power Supplies. 
Performance that stands alone. 

With Philips Power Supplies, you get 
today's state-of-the-art in power performance. 
Meeting your demands - and those of your 
customers - for sustained, dependable power 
delivery. 

Philips Power Supplies offers you over 
500 standard and semi-custom models. Or 
even full-custom facilities if you need them. 
Plus a responsive, problem-solving approach 
to customer support. 

Our ISO 9001-certified quality system 
Meets your most stringent requirements, with 
regular auditing of quality procedures. All our 
products comply with the relevant safety 
standards. 

Next to our wide range of high- 
performance products, you'll find us a 
dependable partner at every stage. From 
product development, right through to series 


production. 
So if you want to benefit from power The modular power supply (shown above) contains the 3D-PCB HF-power transformer, an EDN 1992 Innovation winner. 
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supplies that stand alone in performance, just ‘ 

ae Basis of your performance 
Philips Industrial Activities S.A. 

Boulevard de l'Europe, ‘131 

B-1301 Wavre - Belgium 

Tel: +32 10 438211 Fax: +32 10 438212 
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Philips Power Supplies. 
Your partner in performance. 











Design Entry Blank 


$100 Cash Award for all entries selected by editors. An additional 
$100 Cash Award for the winning design of each issue, deter- 
mined by vote of readers. Additional $1500 Cash Award for an- 
nual Grand Prize Design, selected among biweekly winners by 
vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 


Name 

Title Phone 
Company 

Division (if any) 

Street 

City 

Country 

Design Title 

Home Address 





Social Security Number 
(US authors only) 


Entry blank must accompany all entries. 
Design entered must be submitted exclusively to EDN, 
must not be patented, and must have no patent pending. 
Design must be original with author(s), must not have 
been previously published (limited-distribution house 
organs excepted), and must have been constructed and 
tested. Fully annotate all circuit diagrams. Please sub- 
mit software listings and all other computer-readable 
documentation ona 5%-in. IBM PC disk in plain ASCII. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author, or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules 
of the Design Ideas Program. 
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Raltron manufactures its inant - 
compact Vev035 Voltage LEAR LULU TICES 
Controlled Crystal Oscillator 
to meet your Phase Locked | 
Loop specifications, delivering oll nig 
deviation sensitivity or pull- 
ability of up to +100 PPM/V. 
Big performance in a small 


ES pa 
package. At a price you've ii 0 it, 


been looking for. 


listen to 
this! 


Af(ppm) 


Signed 
Date 








VCXO WITH PULLABILITY 


Raltron manufactures a 
complete line of the highest 
quality VCX0’s to both 
Standard and custom 
specifications. Send us your 
VCXO specifications today 
or call (305) 593-6033 

for more information. 


How to use our bulletin board 


“4 This icon identifies those Design Ideas that 
have computer-readable material posted on 
= K;DN’s bulletin-board system (BBS). Call our 
free BBS at (617) 558-4241 (800/1200/2400/9600 8,N,1). 


let acne ll usm ll a Sas es aes sn 6 et ages esr wh 





Crystals ¢ Crystal Oscillators 


Raltron Electronics Corp. —arSeety: earns heer Not every Design Idea has downloadable material, 
2315 NW 107th Avenue, but each one does have a BBS number printed at the 
Miami, Florida 33172 U.S.A. PI Fi gpd end of it. Once you get into the system, you can use 
Bde iy Seanad that number to find more information on a particular 

(305) 593-6033 MIE eet ee idea. If you’d like to comment on any Design Idea, in- 





clude the number in the subject field of your message. 
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Dataman’s new S4 programmer costs £495 


You could have one 


If you’ve been waiting for S4 we have 
some good news. It’s available now. 
S4 is the 1992 successor 
to Dataman’s S3 
programmer, 
which was 
launched in 1987. 
The range goes 
back through S2, 
in 1982, to the 
original Softy 
created in 1978. 
Like its predecessors, 
Softy4 is a practical 
and versatile tool with 
emulation and product 
development features. 
S4 is portable, powerful 
and self-contained. 
Design and manufacture are 
State of the Art. S4 holds a huge 
library of ERROMS, EEPROMS, 
FLASH and One Time 
Programmables. Software upgrades 
to the Library are free for the life of 
the product, and may be installed from 
a PROM by pressing a key. $4 makes 
other programmers seem oversized, 
slow and outdated. S4 is now the 
preferred tool for engineers working 
on microsystem development. 


Battery Powered 


S4 has a rechargeable NICAD battery. 
On average, you can do a week’s work 


without recharging. On a single 
charge, up to a thousand PROMS can 


be programmed — and charging is fast: 


it only takes an hour. Normal 
operation can continue during the 
charging process. 


Continuous Memory 


Continuous Memory means never 
losing your Data, Configuration or 
Device Library. You can pick up S4 
and carry on where you left off, even 
after a year on the shelf. If the 
NICAD battery loses all of its charge, 
RAM contents are preserved by the 
LITHIUM backup battery. 


Remote Control 


S4 can be operated via it’s RS232 
Serial Port. The standard D25 socket 
connects to your computer. Using 
batch files or a terminal program, all 
functions are available from your PC 
keyboard and screen. 


Free Terminal Program 


You could use any communications 
software to talk to S4. But the 
Terminal Driver program, which we 
include free, is the best choice. It has 
Help Screens to explain S4’s functions 
and it sends and receives at up to 
115200 baud — that’s twelve times as 
fast as 9600 baud. At this speed a 64 
kilobyte file downloads in 9 seconds. 
There is a memory resident (TSR) 
_ option too, which uses only 6k of your 
pons memory, and lets you "hot 
ey afile to S4. Standard upload and 





















download formats include: ASCII, 
BINARY, INTELHEX, MOTOROLA 
and TEKHEX. 


S4 loads its Library of 
programmables from a PROM 
in its socket, 
like a computer 
loads data from disk. 
Software upgrades are 
available free. Download the 
latest Device Library from our 
Bulletin Board. 


Microsystem Development 


With S4 you can develop and debug 
microsystems using Memory 
Emulation. This is an extension of 
ROM emulation, used for prototype 
development, especially useful for 
single-chip "piggy back" micros. 
When you unpack your S4 you will 
find an Emulator Lead with a 24/28/32 
pin DIL plug and a Write Lead with a 
microhook. Plug the EMULead in 
lace of your ROM. Hook the 
rite-Lead to your microprocessor’s 
write-line. Download your assembled 
code into S4. Press the EMULate key 
and your ee yA 5 runs the program. 
S4 can look like ROM or RAM, up to 
512K bytes, to your target system. 
Access-time depends on S4’s RAM. 
We are currently shipping 85ns parts. 
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omorrow on approval* 


Your microprocessor can write to S4 
as well as read. If you put your 
variables and stack in S4’s memory 
space, you can inspect and edit 

them. You can write a short monitor 
program to show your internal 
registers. 

S4’s memory emulation is an 
inexpensive alternative to a full MDS 
and it works with any microprocessor. 
Many engineers prefer it because their 


% prototype runs the same code that their 


. product will run in the real world. 


™ Dimensions & Options 

™ S4 measures 18 x 11 x4cm 
=> and weighs 520 grams. 

™ 128k x 8 (1MB) of user 
_—* memory is standard, but 
| upgrading to 
512k x 8 1s as easy as 
» plugging ina 
4MB low-power 

Static CMOS 

RAM. 

The stated price 
includes Charger, 
EMUlead, Write 
Lead, Library ROM, 
Terminal Driver Software 
with Utilities and carriage in U.K. but 
not VAT. 


“Money-back Guarantee 
We want you to buy an S4 and use it 










for upto 30 days. If it doesn’t meet 


with your complete approval you will 
get your money back, immediately, no 
questions asked. 





Call us with your credit card details. 
Stock permitting, we are willing 
send goods on 30 days sale-or-return 
to established U.K. companies on 
sight of a legitimate order. 
Customer Support 


Dataman’s customer list reads like 
Who’s Who In Electronics. 

Dataman provides support, 
information interchange, utilities and 
latest software for S4, S3, Omni-Pro 
and SDE Editor-Assembler on our 
Bulletin Board which can be reached 


at any time, day or night. 
microengineering 


Station Road MAIDEN NEWTON 
Dorset DT2 0AE United Kingdom 
Phone 0300-20719 

Fax 0300-21012 

Telex 418442 

BBS 0300-21095 
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"We chose HSPICE and Cadence to develop 
our very high performance SRAM products 


because it's a proven combination. With 


HSPICE, we get the accuracy and strong tech- 


nical support that we need, and Cadence has 
the most flexibility of any open software CAD 
tool. A lot of people in the IC industry are 
using this combination because it works!" 
Nearly three years ago, when Sony estab- 
lished its semiconductor design and R&D cen- 
ter in San Jose, the company chose HSPICE to 
work within their Cadence environment 
because HSPICE is the simulator of choice in 


the industry. No matter which 





Cadence framework you're 


using, Meta's six interfaces offer OG-% BD) =H (6 =a Obed oH O. 
eee = KNOW A GOOD THING 
And, HSPICE can also be used WHEN THEY SEE IT. 


as a stand-alone product. With 









a full range of advanced analy- 

sis capabilities, HSPICE and Cadence make a 
winning design combination. If you're a 
Cadence user, call Meta to find out how well 


HSPICE and Cadence work together. 


Call today for an evaluation. 


(800) 346-5953, ext. A4 
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See this 

full-field dot matrix display? 
Wait'll you see 

what you can do with it! 
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Introducing Plasmadot™ ... 


A full-field, dot matrix, gas 
a een ee . plasma, flat panel display with 
Tate toa eerie ose uae bright, neon orange pixels and a 
Ne ae wide (130°) viewing angle that can 
PTE ETS ee ead display text and graphics - or 
ES: DELILE UZ : both. 

: Plasmadot is ideal for virtually 
any application requiring a cost- 
effective, medium resolution, flat- 
panel display with capabilities for 
scrolling, interactive graphics and 
multi-level on-screen legends. 
Flicker free, high contrast and 
easier-to-read than liquid crystal 
or vacuum fluorescent. 


Built to last. 

| The Cherry thin profile design (as 
anaes - thin as 1") features a rugged and 
. "stable internal structure with no 
delicate filaments or complex 
layers. Low DC power 
consumption. Display rated at 
50,000 hours. 


Complete custom 
Capabilities. 

The Plasmadot concept is a 
natural for custom designs in 
terms of glass size, resolution, 
icons or electronics. Call or write 
today for complete specifications. 
Remember, if you're looking for a 
new display solution, put a Cherry 
in your picture. 
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GHERRY 
THE CHERRY CORPORATION 


Cherry Electrical Products 
3600 Sunset Avenue 
Waukegan, IL 60087 
Glass with drivers Phone: 708-662-9200 
standard. Also available Facsimile: 708-360-3566 
with different interfaces and Call 1-800-927-6298 for 
DC - DC converters. Product Information 


For Future need Circle #55 See us at NDES&C Booth #127 For Immediate need Circle #54 






We also offer a broad line of 
segmented alphanumeric and 
bar graph display panels. 
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Your customers expect quality, service and reliability. With the 

UL Mark on your product, you offer them more. 

We realize getting your products recognized in today’s tough marketplace 
is a struggle against time, economics and competition. UL, the American 
Mark of Safety, is the most widely accepted, used and trusted symbol for 
compliance with safety standards and installation codes in the United 
States. The UL Mark represents a most important product feature— 
demanded by your customers, as well as by designers, installers, 
contractors and distributors. No other U.S. safety testing and certification 
organization offers as many services and such thorough evaluations, 
impacting billions of products each year. And at UL, we understand your 
need for high quality and responsive personalized service. 
mcONAA:)crevdaedalcomevolany Le) arcialecmComevai(ecmcxe(01) Oltnicualemlale mace iarelU isi (arc) 


controls to high-tech medical equipmen Lae 












inspection and evaluation servi and internationa 


ore facilities to the ISO 9000 quality 





requirements. And UL re 
assurance standards any other registrar in the United States. So 


whatever your pr 


dats sweats) & 


mem alelanarsiecelamela male imusmer: 


WEN qolmechicinys 


Underwriters Laboratories Inc. 
Client Relations Group (STR) 

333 Pfingsten Road 

Northbrook, Illinois 60062 
Telephone: (708) 272-8800 Ext. 3799 
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000,000 


erase write cycle serial EEPROMs 


offer convincing proof. They're 
priced the same as a 10k cycle 
device, yet they deliver an 
additional 990,000 cycles at no 
extra Cost. : 

Fully compatible 4k, 8k and 16k 
I’C bus® serial EEPROMsS include 


write protection circuitry and low 


“commercial 


VIRE® bus parts. Choo: 
pin DIP or SO packages in — 


, industrial and auto- 

motive temperature ranges. 

_ Specify maximum endurance 

SGS-THOMSON serial EEPROMs 

and get the best insurance money 

can buy — 990,000 extra erase/ 

write cycles — absolutely free. 

Or buy their low-endurance 10k 

devices and risk buying trouble. 
Return the coupon, write or 


SGS -THOMSON 
» MICROELECTRONICS 


GCCESS bo technology 


MICROWIRE is a registered trademark of National Semiconductor. IC bus is a registered trademark of Philips Semiconductors. 
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For literature or samples, mail or FAX 
this coupon to SGS-THOMSON 
Microelectronics, 1000 E. Bell Road, 


Phoenix, AZ 85022. FAX (602) 867-6102. 
The following information is required: 


Name 
Company 
Address 
City 

State 
Phone ! 
FAX | 


© 1992 SGS-THOMSON Microelectronics. All rights reserved. 
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Embedded controller. The H8/510 
ROMless embedded controller runs on 
a 38V supply. It operates at 5 MHz and 
has a minimum instruction time of 400 
nsec. The device features a 16-bit data 
bus and a 16-Mbyte external memory- 
address space. You develop programs 
using a high-level language, which the 
CPU directly executes. The chip in- 
cludes a 16-bit timer, two serial chan- 
nels, and a 10-bit A/D converter. $12 
(100). Hitachi America Ltd, 2000 Si- 
erra Point Pkwy, MS-080, Brisbane, 
CA 94005. Phone (800) 285-1601, ext 21; 
(415) 589-8300. FAX (415) 583-4207. 
Circle No. 435 


Digital radio transceiver. The TR-1 
1.8 x 2.2-in. card contains a 2-way radio 
for wireless transmission of digital data. 
The radio operates from 902 to 928 MHz 
and employs amplitude modulation. The 
transceiver is half duplex and reaches 
distances of 50 ft indoors. It achieves 
data rates of 2.4 kbaud and comes with 
an FCC certification. $160. Kiefer Elec- 
tronic Development, 1727 Hawthorn 
Pl, Boulder, CO 80304. Phone (303) 444- 
2535. FAX (303) 444-7709. 

Circle No. 436 
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If you know about SMT, you know its popularity is growing. 
Explosively. In the last five years, it's quadrupled. By 1995, 
three out of every four boards built will use it. 

You may also know that there’s a whole lot more to using 


; Integrated Circuits 


RF power transitor. The MRF 157 is 
an all-gold 600W RF power transistor. 
When operating with a 50V power sup- 
ply, typical characteristics include 20- 
dB gain at 30 MHz, 45% drain effi- 
ciency, and third-order intermodulation 
distortion of — 25 dB at the rated power 
output. $499. Delivery, stock to 16 
weeks. Motorola Inc—E 114, 5005 E 
McDowell Rd, Phoenix, AZ 85008. 
Phone (602) 244-3818. FAX (602) 244- 
4597. Circle No. 437 





DDS and Viterbi codec. The Q2220M- 
40L is a direct digital synthesizer 
(DDS), and the Q1650M-2L is a Viterbi 


SUNNYVALE 
Dec. 9 








eodec (encoder/decoder). The DDS can 
operate at a 40-MHz clock rate and has 
a minimum delay of 5 clock cycles. An 
on-chip sine-wave function has a 10-bit 
resolution and the spurious levels are 
below —60 dBe. The Viterbi codec im- 
plements 1/3, 1/2, 3/4, and 7/8 code 
rates. The chip also has CCITT V.35 
data scrambling and bit-error-rate 
monitoring. Both chips operate from 
—55 to +125°C. Qualcomm, 10555 Sor- 
rento Valley Rd, San Diego, CA 92121. 
Phone (619) 597-5005. FAX (619) 452- 
9096. Circle No. 438 


Floppy-disk controller. The 82078 is 
a floppy-disk controller for 3.3V_ sys- 
tems. The unit is based on the com- 
pany’s 82077AA/SL chip and features 
a power-down mode that consumes less 
than 50 pA. It also features a 16-byte 
FIFO buffer and a high-speed host in- 
terface to permit its use in multimaster 
architectures such as the EISA or Micro 
Channel Architecture bus. The chip 
comes in a 64- or 44-pin quad flatpack. 
$4 to $6. Intel, Literature packet #HP- 
59, Box 7641, Mt Prospect, IL 60056. 
Phone in US and Canada, (800) 548- 
4725. Circle No. 439 
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SMT than just specifying new parts in the same old desig 

That's why you'll want to attend our new SMT Sympo: 
sium—a free, half-day event packed with the latest inforn 
tion on surface mount design and manufacturing. 
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Fuli-duplex modem. The CMOS 
F'X469 is a full-duplex pin-selectable 
1200- or 2400-baud fast FSK (frequency- 
shift-keying) modem. Mark/space fre- 
quencies are 1200 and 1800 Hz, and 1200 
and 2400 Hz on 1200- and 2400-baud se- 
lections, respectively. Tone frequencies 
are phase continuous, and transitions 
occur at zero crossing point. The IC 
needs an external 1.008- or 4.032-MHz 
crystal. CMOS FX469 chip in 20-pin 
SOIC, 22-pin ceramic DIP, 24-pin plas- 
tic quad flatpack, or 24-pin plastic 
leaded chip carrier, £5.47 (1000). Con- 
sumer Microcircuits, Witham CM8 
3TD, UK. Phone 376-513833. FAX 376- 
518247. Circle No. 440 
In US, MX-COM Inc, Winston-Salem, 
North Carolina. Phone (919) 744-5050. 
FAX (919) 744-5054. Circle No. 44] 


Power amplifier. The TDA7294 power 
amplifier outputs 50W rms continuously 
with 0.5% max total harmonic distortion 
(THD) over 20 Hz to 20 kHz. THD is 
typically 0.005% with 5W output at 1 
kHz. The IC includes mute and standby 
functions (requires 1 mA typically), and 
short-circuit and thermal overload pro- 
tection. The multiwatt 15-lead plastic 


package has a junction-to-case thermal 
resistance of 1.5°C/W max. $5 (10,000). 
SGS-Thomson Microelectronics, 20041 
Agrate Brianza, Italy. Phone (39) 6031. 
FAX (389) 603-5555. Circle No. 442 





12-bit ADC. The AD872 monolithic 12- 
bit A/D converter operates at 10M sam- 
ples/sec. It includes a differential input 
track-and-hold amplifier and a voltage 


reference. The signal-to-noise plus dis- 
tortion ratio is 65 dB at 1 MHz, and the 
differential nonlinearity is typically '2 
LSB. The chip dissipates 1.15W and 
comes in a 28-pin DIP or 44-pin LCC. 
From $165. Analog Devices Inc, 181 
Ballardvale St, Wilmington, MA 01887. 
Phone (617) 937-1428. FAX (617) 821- 
4278. Circle No. 443 


4-Mbit DRAMs. The HM51S4800A/AL 
and HM51S4260A/AL 4-Mbit dynamic 
RAMs (DRAMs) have 512k x 8-bit and 
256k x 16-bit organizations, respec- 
tively. One feature lets you place the 
DRAMs in a self-refresh mode by bring- 
ing the RAS line low for 100 psec. Be- 
cause the chips are internally refreshed, 
you can put the rest of the system to 
sleep by turning off the system clock. 
The refresh interval is 125 usec instead 
of the standard 15.6 wsec. The 80-nsec 
version of the 512k x 8-bit DRAM, $21; 
the 80-nsec version of the 256k x 16-bit 
DRAM, $25 (100). Hitachi America 
Ltd, Semiconductor & IC Div, 2000 
Sierra Point Pkwy, MS-080, Brisbane, 
CA 94005. Phone (800) 285-1601, ext 11; 
(415) 589-8300. FAX (415) 583-4207. 
Circle No. 444 
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ACE Mount TECHNOLOGY. 


BOSTON 
Mar. 9 


Gievee 
Mak. 10 


AINNEAPOLIS 
AR, 12 
— CHERRY HILL 
TORONTO Mar. 11 
~ Mar.8 
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What's more, you'll get a chance to share information-not 
to mention free food and drink-with your peers. 

So pick your favorite city. Then pick up the phone. Dial 
(800) 442-6458 and register today. 


You'll learn all the details about new products and packages, 
2chniques and trends from four SMT pros: Reed Bowlby and 
Javid Hollander from Motorola. Henry Collins from AMP. And 
.EMET’s James Bergenthal. 
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You asked for a connector family that's ideal for both 
high-density signal and power applications. 


We were listening. 


Change your circuit size. Change the 
configuration. There’s no re-qualification of 
connectors when you work with the Mini-Fit 
family, including Mini-Fit, Jr™ and Mini-Fit, 
TPA™ connectors. 


That can mean substantial savings in time 
and work, especially since the Mini-Fit family 
offers such a wide range of connection 
options for power, (up to 9 amperes/circuit), 
and signal applications, (10 milliohm 
contact resistance). 


And now the new Mini-Fit, BMI connector 
makes assembly more efficient and fool-proof 
than ever. Blind Mating Interconnects are 
designed for fast, positive alignment in 
blind-mating situations requiring wire-to- 
board, panel-to-board, and board-to-board 
connections. They can even eliminate 
harnesses in many applications. 


Ask your Molex representative for more 
information on the growing family of Mini-Fit 
connectors. 
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Bringing People & Technology Together, Worldwide™ | 





Corporate Headquarters: 2222 Wellington Ct, Lisle, IL 60532 U.S.A., Tel: (708) 969-4550 ¢ European Headquarters: Munich, Germany, Tel: 49-89-413092-0 
Far East North Headquarters: Tokyo, Japan, Tel: 81-427-21-5539 ¢ Far East South Headquarters: Jurong Town, Singapore, Tel: 65-660-8555 | 
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Nonvolatile RAMs. The Autostore 
family of NovRAMs automatically 
stores and recalls between static RAM 
(SRAM) and onboard shadow EEPROM 
without intervention by the host CPU. 
The feature saves the contents of the 
SRAM in the shadow EEPROM when- 
ever the voltage to the chip falls below 
a preset level. Store operation takes 2.5 
msec or less, and recall takes 10 wsec 
or less. Commercial X20C16P, $9.75 
(1000). Xicor Ine, 1511 Buckeye Dr, 
Milpitas, CA 95035. Phone (408) 432- 
8888. FAX (408) 432-0640. Circle No. 445 


SCSI active terminator. The REG1117 
2.85V regulator provides an active ter- 
mination for the SCSI-2 bus. You can 
use the chip for either standard, 18-line, 
or wide, 27-line, SCSI buses. One 
advantage of the active over a passive 
termination is that the quiescent power 
reduces from 1W to 50 mW. In addition, 
cable-impedance matching permits data 
rates as fast as 10 Mbytes. $1.85 (1000). 
Burr-Brown Corp, Box 11400, Tucson, 
AZ 85734. Phone (602) 746-1111. FAX 
(602) 889-1510. Circle No. 446 


Video amplifiers. The LT1187 and 
LT1189 monolithic video amplifiers 
have 50- and 35-MHz bandwidths, re- 
spectively. They detect differential sig- 
nals and convert them to single-ended 
outputs. Typical common-mode rejec- 
tion ratio is 100 dB. Both amplifiers 
have a 20-mA output drive current. 
They can run on 5V, +5V, or +8V 
power supplies. From $2.95 (100). Lin- 
ear Technology Corp, 1630 McCarthy 
Blvd, Milpitas, CA 95035. Phone (408) 
432-1900. Circle No. 447 


Battery charger. The DS1633 smart 
charger can charge batteries without 
the need for external components. Opti- 
mized for 3V systems, the unit can 
charge one to three NiCd-cell battery 
pack or a single rechargeable 8V lithium 
cell at a maximum current of 100 mA. 
The unit charges the battery at maxi- 
mum current until it exceeds a preset 
limit. $2.90 (5000). Dallas Semiconduc- 
tor, 4401 S Beltwood Pkwy, Dallas, TX 
75244, Phone (214) 450-0448. 

Circle No. 448 


3V SRAMs. A series of 3V static RAMs 
(SRAMs) and 3.8V pseudo SRAMs 
(PSRAMs) are available. The family 
consists of a 256-kbit SRAM having a 
32k X 8-bit organization; a 1-Mbit 
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Hansen’s precision motors have a 
ies oul eclule)aimcolarciintelrsialarlare 
productive service...even under the 
most demanding conditions. 


DC Motors. High performance, long 
Nivemelave ia cere co)al-10) (om ees ceel Ks 
characteristic of Hansen’s DC 
motors, ideally suited for a number 
fo) r= 0) 0) ere lute) alc 


Stepper Motors. Generate precision 
fanvelelejameelalice) malian mm rlacce 
stepper motor. A wide range of sizes 
(from 14 through 28) are utilized by 
Our Customers in the computer, 

o)ia term pare(ealiarcmmantsrel(erlmere[ellelanrcale 
Varo meelUi Cola arelencom lave lelag(ace 


SRAM having a 128k x 8-bit organiza- 
tion; a 1-Mbit PSRAM having a 
128k x 8-bit organization; and a 4-Mbit 
PSRAM having a 512k x 8-bit organiza- 
tion. The devices provide a 40% power 
savings over similar 5V devices. Access 
times range from 150 to 200 nsec. $6.50 
to $21.50 (100). Delivery, 12 to 14 weeks 
ARO. Toshiba America Electronic 
Components Inc, 9775 Toledo Way, 
Irvine, CA 92718. Phone (714) 455-2000. 

Circle No. 449 


Synchron Motors. Hansen is a 
KeveTolclam tach alelalcelarelelcmanre)ceys 
technology and proudly supplies 
aril ite) aime) mc \Zplelalcelatelelcmanre) (eles 

Vay alerelihvanielmr- Masel gi cla meyer] e)e)irerlele)aise 
mbclakrcra mcm olelliesiameler-lilevarclalemelar 
time delivery are supported by our 
customer service. 


We will work with you to custom 
design the motor for your specific 
alexere (rare ale mantelcelamzelelarele)e) ileriereln 
with the correct power source. 


i Keyante)axey acm le (erm celmn (ele has 
technology...that’s what Hansen is 
all about. Our motors are simply the 
lovexciendaliarexmxe) [aren 


ulclakcy-)aM Oxo) sete) e-litela 


im Felaicicia ms @xe)golelectale)n 
A Minebea Group Company 
P.O. Box 23 © Princeton, IN 47670-0023 
Phone: 812-385-3415 © Fax: 812-385-3013 
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Real-time spectrum analyzer. The 
3054 DSP system uses a bank of filters 
(implemented in a DSP pP) to provide 
spectral frame update rates as fast as 
12.5 psec. The system covers 100 Hz 
to 100 MHz and stores data covering 
periods as long as 26,000 sec. You can 
select transforms having from 82 to 1024 
frequency bins and display from 26 to 
801 of them; and, you can choose a 
power or phase display. You can tune 
to any center frequency from dc to 10 
MHz and view the region around it with 
expanded resolution. A spectrogram 
mode displays multiple spectra with am- 
plitude represented by color. $126,950. 
Delivery, six weeks ARO. Tektronix 
Inc, Box 4495, MS 38-386, Beaverton, 
OR 97076. Phone (800) 835-9433. 

Circle No. 401 


Temperature-measurement sys- 
tem. The 1.75-in.-high Tempscan/1000 
mounts in EJA racks and scans 32 ther- 
mocouples, linearizing their outputs, 
and providing cold-junction compensa- 
tion. It also handles thermistors and 
resistance-temperature detectors. The 
unit, which uses a 16-bit 200k-sample/ 
sec ADC, permits expansion to 992 








Turn on to Harris IGBTs. And 
discover why they’re the superior 
switches for high-voltage appli- 
cations such as motor controls, 
power supplies, solenoids and 
relay drivers. 

IGBTs not only combine the 
best features of bipolar devices 
and power MOSFETs, they take 
up less space and cost less money. 

And Harris IGBTs are also 
offered with built-in diodes for 


control of free-wheeling currents. 
So make your switch to Harris 


IGBTs today. Just give us a call. 


Gq? HARRIS 


Brussels 32-2-246-2111 
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Test & Measurement Instruments 


channels by adding 32- or 64-channel 
slave units that have dimensions equal 
to those of the master. The unit has 
IEEE-488 and RS-232C/RS-422 inter- 
faces. It also has 32 programmable 
alarm outputs. The accompanying soft- 
ware, which controls the system setup, 
runs under MS-Windows. $1995. Deliv- 
ery, eight weeks ARO. IOtech Inc, 
25971 Cannon Rd, Cleveland, OH 
44146. Phone (216) 439-4091. FAX (216) 
439-4093. Circle No. 402 
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HARRIS IGBTs HANDLE HIGH POWER LEVELS 





VMEbus simultaneous sample/hold 
ADC board. The DVME-630F single 
6U-size VMEbus board continuously 
and simultaneously samples two analog 
channels with 12-bit resolution at 2M 
samples/sec/channel and processes the 
data in a 832-MHz TMS320C30 DSP pP. 
When you acquire only one channel, the 
DVME-630F will interleave the opera- 
tion of its two samplers to capture 4M 
samples/sec. The continuous acquisition 
capability results from using a 512- 
kbyte high-speed dual-ported RAM (ex- 
pandable to 1.5 Mbytes) and a very- 
high-speed 8k x 32-bit expansion RAM. 
Board prices, from $5495; 1-Mbyte ex- 
pansion module for the dual-ported 
RAM, $1195; executive software, $495; 
full source code for the software, $1195. 
Datel Inc, 11 Cabot Blvd, Mansfield, 
MA 02048. Phone (508) 339-3000, ext 
123. FAX (508) 339-6356. Circle No. 403 


i486-based ISA bus data-acquisi- 
tion board. The DAP 3200e full-length 
board for the 16-bit ISA bus includes 
an i486SX wP and either 1 or 4 Mbytes 
of RAM. A multitasking real-time oper- 
ating system, DAPL V4.0, resides on 
the board. With external expansion 
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IGBTs with diode IGBTs 












































0 100 200 300 400 500 
VOLTAGE 


e London 44-276-686-886 ¢ 








Milan 39-2-2620761 





600 700 800 900 1000 1200 41400 


e¢ Munich 49-89-63813 








hardware, the board can sample 512 
analog and 128 digital inputs at a com- 
bined rate of over 4M samples/sec while 
simultaneously processing the acquired 
data and updating 66 analog and 128 


digital outputs. Dual 512-word FIFO. 


buffers allow the board to bypass DMA 
hardware. From $3495. Microstar 
Laboratories, 2265 116th Ave NE, 
Bellevue, WA 98004. Phone (206) 453- 
2345. FAX (206) 453-3199. Circle No. 404 


Video line selector. The 1.52.25 x 
5.25-in. 6030 is a battery-powered ac- 
cessory that gives almost any scope ca- 
pabilities normally found only in labo- 
ratory scopes. Using a push-wheel 
switch, you can view any line of a 525- 
line National Television Standards 
Committee signal or a 625-line signal. 
A user-programmable switch position 
allows the unit to accommodate non- 
standard TV formats to 1999 lines per 
frame, with scanning frequencies from 
15 kHz to 64 kHz. A pair of BNC con- 
nectors allows loop-through of 750 sig- 
nals. $299; NiCd battery option, $50. 
Dumont E&R Electronics Inc, 323 
New Rd, Parsippany, NJ 07054. Phone 
(201) 575-8666. Circle No. 405 
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ONE-QUARTER THE DIE SIZE 


Bipolar Transistors 
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For applications at 5O0V and higher, Harris IGBTs require less silicon 
area than MOSFETs of equivalent current, voltage and Rds(on) 
characteristics. This equates to lower cost as compared to MOS. 


’ Paris 33-1-34-65-40-80 © Hong Kong 852-723-6339 © Tokyo 81-3-3345-8911 





Handheld LCR bridge. The 878 meas- 
ures inductance (L) from 0.1 pH to 
2000H, capacitance (C) from 0.1 pF to 





10,000 wF, and resistance (R) from 0.10 
to 20 MQ), with a basic error limit of 
0.7%. Its LCD’s two displays can si- 
multaneously indicate capacitance and 
dissipation factor or inductance and 
quality factor (Q). The unit can provide 
an audible indication when a component 
value is outside programmable limits. 


CIRCLE NO. 93 


A min/max function keeps track of the 
highest and lowest values measured. 
$275. B+K Precision Div of Maxtec 
International Corp, 6470 W Cortland 
St, Chicago, IL 60635. Phone (312) 889- 
1448. Circle No. 406 


Software libraries for MS-DOS and 
MS-Windows. PCI-203698S-1 linkable 
library software allows the develop- 
ment of data-acquisition applications 
that run under MS-Windows V3.x. The 
software supports analog sampling at 
rates to 1M sample/sec. The library also 
provides a consistent interface between 
popular programming languages and 
the vendor’s data-acquisition hardware. 
$295; free with the vendor’s PCI- 
20501C, PCI-20098C, and PCI-203877W- 
1 boards. Upgrades from earlier ver- 
sions of the library, $95. Intelligent In- 
strumentation, 6550 S Bay Colony Dr, 
MS 181, Tucson, AZ 85706. Phone (800) 
685-9911; (602) 573-0887. FAX (602) 573- 
0522. Circle No. 407 


Handheld DMM. The dual-display 
DM-7100 provides 19 functions, 29 
ranges, and 3°%4-digit resolution. It 




















Harris IGBTs are 
available with or 
without diodes in 
standard 3-lead 
packages. 





Harris 
Current 
Sensing 
IGBT 
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measures de volts on five ranges from 
400 mV to 1 kV full scale; ac volts on 
four ranges from 4 to 750V full scale; 
de and ac current on two ranges each 
(400 mA and 4A full scale); resistance 
on six ranges from 4000 to 40 MOQ full 
scale; frequency from 10 to 200 kHz; and 
capacitance from 4 nF to 40 pF full scale. 
The dual display can indicate ac voltage 
and frequency simultaneously. $149.95. 
A W Sperry Instruments Inc, 245 
Marcus Blvd, Hauppauge, NY 11788. 
Phone (516) 231-7050. Circle No. 408 


Test & Measurement Instruments 


Enhanced handheld DMM/DSOs. 
The 93, 95, and 97 Scopemeters have 
additional measurement and display 
functions. Among them are a percent 
duty-cycle mode, a low-resistance range 
with 1070 resolution, higher resolution 
in the frequency-counter mode, and the 
ability to invert waveforms on both 
channels and to time-stamp minimum 
and maximum values. $1350 to $1950. 
All units now being shipped include the 
enhanced features. Owners of existing 
units can have them upgraded for $155 


Innovative DSP systems 
Only from Pentek 


How does Pentek do it? 


By offering you a wide choice of baseboards 
and expansion modules that utilize the high 


speed 32-bit Intel MIX bus...so data transfers 


and DSP performance are not compromised 
by traffic jams on your VMEbus or Multibus. 


< The right hardware. 


« TMS320C40, C30, C25, and DSP32C 
¢ A/D’s and D/A’s from 12 to 18 bits 
¢ Sampling rates to 10 MHz 
Digital I/O and SCSI interfaces 
¢ T1/CEPT telecom interfaces 
¢ Precision clock generators 


The right bus... 


e VMEbus, Multibus | or Il baseboards 
« MIX bus expansion modules 
¢ Bus adapters for SUN and PC-AT 


The right software., 


« Pentek SWIFT C development system 
¢ SPOX real-time OS and DSP libraries 





¢ Comdisco SPW DSP code generator 


¢ SUN UNIX and PC-AT Support 
« ProNet Ethernet system 
«¢ DSP C compilers 
¢ Drivers for MIX modules 
Got a problem? 


We have the solution. 
Call us today at (201) 767-7100 


— _rli TT ee 
55 Walnut Street » Norwood, NJ « 07648 
Tel: (201) 767-7100 Fax: (201) 767-3994 


©1992 Pentek, Inc. 





See us at Buscon West Booth #1007 





CIRCLE NO. 94 


by returning them to the manufacturer. 
John Fluke Mfg Co Inc, Box 9090, Ev- 
erett, WA 98206. Phone (800) 443-5853; 
(206) 347-6100. FAX (206) 356-5116. 
TWX 910-445-2948. Circle No. 409 
Philips Test and Measurement, Bldg 
TQIII-4, 5600 MD Eindhoven, the 
Netherlands. Phone local office. 

Circle No. 410 


50-MHz i486 DX2- and 20-MHz 
486SLC-based VXI controllers. The 
VXIpe-486 Model 200 series (from 
$3995) and Model 500 series (from 
$5595) are based on the 20-MHz Cx 
486SLC (with optional math coproces- 
sor) and the 50-MHz i486 DX2, respec- 
tively, wPs. These controllers replace 
the vendor’s earlier i886-based VXI 
controllers. Both series include 1-, 2-, 
and 3-slot C-size units with as much as 
16 Mbytes of RAM. The 1-slot models 
include an 80-Mbyte hard disk; the 2- 
slot units add a 3’4-in. floppy-disk drive 
and have hard-disk capacity to 240 Mby- 
tes; and the 3-slot units have hard disks 
that store as much as 426 Mbytes. Na- 
tional Instruments Corp, 6504 Bridge 
Point Pkwy, Austin, TX 78730. Phone 
(800) 433-8488; (512) 794-0100. FAX 
(512) 794-8411. Circle No. 411 


VXibus waveform digitizers. The 
E1413A ($5900) acquires 100k samples/ 
sec with 16-bit resolution. The £1427A 
($11,800) acquires 2G samples/sec with 
7-bit resolution. The E1480A ($12,000) 
captures 10M samples/sec with 18-bit 
linearity. The E1485A ($10,500) is a 
digital signal processor for use with 
digitizers such as the E1480A that can 
transfer data via the VXI local bus. De- 
livery, four to six weeks ARO. Hewlett- 
Packard Co, Box 58059, MS 51L-SJ, 
Santa Clara, CA 95051. Phone (800) 452- 
4844, Circle No. 412 


Notebook-PC-based optical time- 
domain reflectometer. The COM- 
1020 is based on the vendor’s FCS-100 
card. The vendor describes the instru- 
ment as waterproof and capable of with- 
standing the most severe abuses it 
might be subjected to in the field. The 
unit, which with optional batteries op- 
erates from four to eight hours without 
ac power, can store thousands of traces 
and can transfer them via modem. The 
pull-down, menu-based software mini- 
mizes the need for operator training. 
$995. Exfo EO Engineering Inc, 465 
Godin, Vanier, PQ G1M 3G7, Canada. 
Phone (418) 683-0211. FAX (418) 683- 
2170. Circle No. 413 
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nearly enough 


The Real World 
It’s a nasty, demanding place. Now theres an FPGA with enough density to 


useable 
gates. Not to 


let you build the mainstream products that are used in it. 


mention their pitifully low 


And as a 


performance. 
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The Remarkably Dense Argument for the Crosspoint FPGA 


result, the ASIC designer has 
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a dream product that breaks 





all this wide open. It offers 
up to 10,000 true, useable 


gates on one 12K chip, and 
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B it’s fast. Will it change 






design permanently? 
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The product. In surface mount. 


We submit that it will. 








In name, it’s a 12K. But it gives you far more useable gates than that suggests. 


It’s also fast. And predictable. All in all, a lot like a gate array. There’s a reason. 


IT Js 
A GATE ARRAY 


C rosspoint gives you the industry's 


first 12K FpGa. But there s con- 
siderably more to it than that. 

And, at the same time, less. 

The Crosspoint Fpca offers unheard- 
of gate-utilization efficiency. The 
highest-available FPGA 
performance. And re- 
markable predictability 
with both. 


EXHIBIT C 


previous FPGAs are elaborate and 
complicated constructions — incor- 
porating numerous logic macrocells 
with numerous functions. And re- 
sulting in an extremely complex chip for 
a rather modest number of “gates.” 
The smallest building 
block of the 3 


Crosspoint FPGA 1s 







—— 


something far simpler — : 


Simplicity itself: our gate. 


All for one simple rea- 
son. Unlike a//other FPGAs, Crosspoint’s 
is—architecturally—a gate array. 

Like a mask-programmable gate 
array, it has transistor-level granularity. 
And unlike previous FPGAs, it has gates. 


Which, in itself, is noteworthy. 


a gate. A real one. 
nd that, in turn, is why our “12K” 
A chip actually is a 12K —and gives 
youup to 10,000 useable gates — 10,000 
true, gate-array gates. Which is a gate- 
utilization efficiency of up to 85%. Ef- 
ficiency comparable to that of other true 


gate arrays. And, of course, far in excess 


The smallest building blocks of all 
Ed 
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The Remarkably Dense Argument for the Crosspoint FPGA 


of what you get from existing FPGAs. will only function in systems in the 


Our superior performance is also 15-30 Mhz range. 







due to our streamlined archi- “As T he predictability of 


tecture. We function in the Crosspoint FPGA 








systems with clock is significant in itself. As 
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speeds up to 50 Mhz. Which may ii SQ with a gate array, you ll 


not seem altogether meaningful in the know what size circuit 
murky environment of FPGA performance NW you can fit on the chip, 


and what speed it will 




















Fiy1)\, | 
claims. But is very meaningful when _4 


La / 
you consider that } operate at. So you ll know 
other FPGAS LZ Co, GU, MYA YOU aren’t just spinning 
| / oi, your wheels. 

And we also give you 
} \ built-in testability 
! 


{ 


| logic, per the yraG 
My} i Boundary Scan Ar- 
W chitecture Standard— 
which will make board 
ttt Lig testing painless, and assure 
EEG LYY, high quality. 

EEE: Ata glance, that’s what the 
product is — technically. 

What it means, is that for the first time 
you ve got the FPGA you need. One 


SSE @ 8 ee we ee ee 


ah WCQ poessseesesen ———— with out limitations : 


—_ “that will let you 





fig. & anna 
Duck use FPGAS where you d like to. In real- 


There’s an old saying: If it looks like a duck, and acts like a duck, it 
must be a duck. Our FPGA acts like a gate array, and is one. WOL ld pr oducts. 





We’ll also give you something else you can only get with a true 


gate array (and we think you’ll especially appreciate our tools). 


THE POWER of 
LOGIC S$ 



















previous FPGAs has made using 


B ecause of its gate array 


architecture, logic synthesis so inefficient 


the Crosspoint that there’s been very little 
FPGA Is a perfect fit reason to do it. By con- 


in the asic design \ 


environment. 


trast, the transistor-level 


=e granularity of the 
It makes the cumber- Crosspoint FPGA 
some design method- Af = 5 SO makes logic syn- 
ology you associate with \ thesis as efficient as it is with 


FPGAS, entirely a thing of any ASIC. 


Which is significant, be- 


cause the extremely high 


the past. 
For instance, Crosspoint’s is 


the first FPGA that makes it viable useable-gate count that 


~~. 1S Se 


to take advantage of logic Crosspoint offers 


synthesis, and use it to boost means there are big 


productivity. WS gains to be realized 
fig. 3 a 
The Coarse Your Own Automated Designer with logic 


You don’t have to use logic synthesis, but there’s a good reason to. Productivity. 


| anular 1 of It’s like having a clone of yourself, He excels at details and will go right where you point him. §& nthesis. 
c. Jy £9 118 you p 
Fa 
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_ When it comes to 
the rest of design 
~ automation, you'll 
be able to use the 


—toolsyou’refam-  \\Q 





iliar with. In 





- precisely the ways 
you use them for 
standard asic design. 


And with predictable 


results. 
| Ee is, in fact, one of the most 

_ important advantages we offer. 

You ll find you can do both pre- 


_and post-layout simulation. You'll 





/have the familiar and efficient 
_back-annotation path you expect 
with a gate array—something that’s 
never previously been available for 
an FPGA. 


nd that will be true for any 





leading simulation product you 


] 





work with. Crosspoint’s Design 
Kits support the simulation, logic 
synthesis, schematic capture, and 
timing- and fault-analysis products 
of Mentor Graphics, Synopsys, 
Cadence/ Verilog, Viewlogic. And 
| : 
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is something you'll 
particulary appreci- S$ 


ate. It not only works, 


but it’s highly sophis- & Ss 


ticated. It’s powerful, it’s auto- 
matic, it’s flexible, it’s timing-driven, 
it's intuitive. And it offers an 
_ interactive editing capability that 
= will help you fine-tune, if you 
choose to. 
ll in all, we’ve been careful to give 
A you the tools that will make it not 
only feasible, but easy to realize the 
major gains that the Crosspoint FPGA 


allows for. 





But those gains 
themselves are what 
matter most. 
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that you expect froma 
gate array. 


Now, for the first 


time, 1n an FPGA. 


awe wos ~ eee ee wee! 
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YES. I WANT MORE INFORMATION ON THE 
WORLD’S HIGHEST-DENSITY FPGA. 


O DataBook onCrosspoint 4.2K ,12K andCell Library O Synopsys Design Kit Brochure 


O Performance Benchmark Report 1 Cadence/Verilog Design Kit Brochure 


O Mentor Graphics Design Kit Brochure O Viewlogic Design Kit Brochure 
Name Title 


Company 

Address 

City Zip 
Telephone 


My EDA tool is: My workstation platform is: 


O Mentor Graphics 0 Viewlogic O Sun O IBM RS6o000 
OO Synopsys O Dazix 0 HP/Apollo 0 PC/DOS 
Oi Cadence/Verilog 0 Other. >» — _. ~ 0 HP/UX () Other... 


Return coupon to: Crosspoint Solutions Fulfillment Center, 8200 Highwood Drive, 
Minneapolis, MN 55438 or Fax to 612 942.6940. Or call: 


1-800-DENSE-98 


Copyright© Crosspoint Solutions, Inc. 1992. The Crosspoint logo is a registered trademark, and CDS is a trademark, of Crosspoint Solutions, Inc. Cadence 
and Verilog are registered trademarks of Cadence Design Systems, Inc. HP is a trademark of Hewlett Packard, Inc. Apollo is a registered trademark of HP/Apollo 
Computer, Inc. Mentor Graphics is a registered trademark of Mentor Graphics Corporation. Sun is a registered trademark of Sun Microsystems, Inc. Synopsys 


is a trademark of Synopsys, Inc. Viewlogic is a trademark of Viewlogic Systems, Inc. All other product and company names are trademarks of their companies. 
) } g IC 9) j P 
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3-Gbyte disk drive. The Model 1936 
family of 5'4-in. disk drives provides 3.6 
Gbytes of unformatted data capacity 
and data-transfer rates as high as 20 
Mbytes/sec. The family includes an 8-bit 
Fast SCSI-2 model with single-ended 
SCSI interface; an 8-bit Fst SCSI-2 
model with a differential SCSI inter- 
face; a 16-bit Wide Fast SCSI-2 model; 
and a concurrent dual-port Wide Fast 
SCSI-2 model. $4895 to $5195. Micro- 
polis Corp, 21211 Nordhoff St, Chats- 
worth, CA 91311. Phone (818) 709-3300. 
FAX (818) 709-3497. Circle No. 450 


Rugged 1.8-in. disk drives. The 
Miniport 42 and Miniport 85 1.8-in. disk 
drives provide 42 and 85 Mbytes of stor- 
age, respectively, and withstand 200g 
shocks, even while operating. They’re 
available with either PCMCIA (Per- 
sonal-Computer, Memory-Card Interna- 
tional-Association) or IDE interfaces. 
The PCMCIA version contains a PC- 
MCIA controller that includes attribute 
memory. It allows a PCMCIA slot to 
accept other devices without the need 
for separate software drivers. 42-Mbyte 
sample, $350; 85-Mbyte sample, $545. 
MiniStor Peripherals Corp, 2801 Or- 
chard Pkwy, San Jose, CA 95134. 
Phone (408) 943-0165. FAX (408) 434- 
0784. Circle No. 451 


VMEbus data-acquisition card. The 
MPV961 2-channel, 12-bit ADC ecard 
samples as much as 25M samples/sec. 
You can program the card to sample 
in single-shot mode or in 500-sample/sec 
increments. Maximum input is + 1.024V, 
and system accuracy is +2 LSB. The 
32-Mbyte dual-port RAM enables the 
card to acquire and store data independ- 
ently of host-processor intervention. The 
card includes a VSB interface, which 


_ you can use for programming and data 


transfer. You can order 20- or 25-MHz 


and single- or dual-channel versions. 
Dual-channel, 20-MHz version, £12,995. 


Pentland Systems Ltd, 1 Cochrane Sq, 
_Brucefield Industrial Park, Livingston 


_EH54 9DR, UK. Phone 506-464666. 


FAX 506-463030. Circle No. 452 


-PCMCIA fax/modem cards. PC- 


MCIA modem cards provide fax/modem 
and data modem capabilities. Each is 


contained in a PCMCIA Type II pack- 
age. Each operates from a 5V supply. 
The 2400-bps data-modem card draws 


150 mW during power down, 225 mW 
during standby, and 550 mW during op- 
eration. The 9600-bps fax/modem card 
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consumes 70, 300, and 750 mW, respec- 
tively, in those modes. Data modem, 
$300; fax/modem, $350 (100). Oki Semi- 
conductor, 785 N Mary Ave, Sunnyvale, 
CA 94086. Phone (408) 720-1900. FAX 
(408) 720-1918. Circle No. 453 


PC accelerator card. The RM04 PC- 
AT plug-in card improves speed of op- 
eration of computer-intensive applica- 
tions by as much as 100. It includes 





Sees 


Where size is critical, Piher’s carbon or cermet mini control potentiome- 


ters offer high reliability at a price which matches their size. They have a 
wide variety of applications, but are particularly suited to portable or 
hand held equipment where space is at a premium. Their 10 mm or 15 
mm diameters and plastic bushings make these controls ideal for panel 
mounting. 


Type: SM 10 (carbon) SM 15 (carbon) 
SMC 10 (cermet) SMC 15 (cermet) 

Dimentions (mm): 10 15 

Mechanical Angle 

of Rotation: 29925 265+5 

Ohmic Range: 100R - 4M7 100R - 4M7 

Maximum Working 

Voltage (VDC): 200 250 


Both series are available in long life versions with shaft styles to match the user’s 


PIFER 


specifications. For more detailed information, contact 
Piher International. 

Toll Free 800-323-6693 

In Illinois 708-390-6680 


903 Feehanville Drive * Mt. Prospect, IL 60056 
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an i860 processor running at 25, 33, or 
40 MHz, up to 72 Mbytes of dynamic 
RAM (DRAM), and a bidirectional 16- 
bit FIFO interface. The card also in- 
cludes an Inmos Transputer link and 
subsystem control for multiprocessor 
networks. For system expansion, you 
can mount Transputer modules directly 
onto the card. RM04 with 25-MHz proc- 
essor and 2-Mbyte DRAM, £2520. Riv- 
erside Machines Ltd, 20 Newmarket 
Rd, Cambridge CB5 8DT, UK. Phone 
223-321083. FAX 223-321161. 

Circle No. 454 


Parallel-port multiplexer. F/MUX 
lets you connect a variety of peripherals 
to your PC via the IKEE 1284 EPP 
enhanced parallel port. It accommo- 
dates printers, mass-storage devices, 
CD-ROM players, network adapters, 
and a variety of data links. The device 
is the size of a small power strip and 
connects to a PC’s parallel port via a 
ribbon cable. 4-port model, $199; 8-port 
model, $249. FarPoint Communica- 
tions, 104 East Ave K4, Suite F, Lan- 
caster, CA 93535. Phone (805) 726-4420. 
FAX (805) 726-4438. Circle No. 455 
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VAX accelerator. The Vaccelerator AP/- 
40, a 100-MIPS add-in coprocessor for 
VAX and MicroVAX systems, runs 
VMS applications without modification. 
Using a 64-bit R4000 RISC processor, 
it increases MicroVAX performance by 
factors as high as 100 on standard indus- 
try benchmarks. As many as 10 boards 
can run in parallel in the same system. 
$9990. Avalon Computer Systems, 510 
Castillo St, Santa Barbara, CA 93101. 
Phone (805) 965-9559. Circle No. 456 





Sound/speech board. The Cyber 
Audio Card combines sound reproduc- 
tion with speaker-independent speech 
recognition for multimedia PC systems. 
For speech recognition, the card keeps 


a 125-word vocabulary active and can 
download other words from disk. Its 
sound synthesizer uses actual samples 
of musical instruments rather than FM 
synthesis techniques. The card includes 
a MIDI (musical-instrument digital in- 
terface). $395. Alpha Systems Lab, 
17912 Mitchell St, Irvine, CA 92714. 
Phone (714) 252-0117. FAX (714) 252- 
0887. Circle No. 457 


Graphics accelerator. The SGX160 
graphics accelerator, a 1-slot SBus 
board, works with the new Hitachi 21- 
in., 2M-pixel high-resolution, flat-screen 
monitor. It delivers 1600 x 1280 resolu- 
tion at a 76-Hz refresh rate. The accel- 
erator is register-level compatible with 
Sun’s CG6 graphics standard. $3295. In- 
tegrix Inc, 1200 Lawrence Dr, Suite 
150, Newbury Park, CA 91820. Phone 
(805) 375-1055. FAX (805) 375-2799. 
Circle No. 458 


Optical-disk integration kits. The 
RF-SCSI kits for DOS, OS/2, Windows, 
and Novell Netware 386 environments 
include everything necessary to install 
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single or multiple optical drives. Each 
kit contains an adapter board, a device 
driver, software, a manual, and cable. 
The kits support all of the manufac- 
turer’s drives. Each installed optical 
drive appears to the system as a large- 
capacity hard drive. $325 to $995. Plas- 
mon Data Systems Inc, 1654 Centre 
Pointe Dr, Milpitas, CA 95035. Phone 
(800) 445-9400; (408) 956-9400. FAX 
(408) 956-9444. Circle No. 459 


SBus port-expansion boards. These 
SBus boards provide serial- and paral- 
lel-port expansion for Sun and SPARC- 
compatible workstations. In all, eight 
boards provide from 1 parallel port to 
16 serial ports and combinations there- 
of. $175 to $1195. Magma, 6725 Mesa 
Ridge Rd, San Diego, CA 92121. Phone 
(800) 285-8990; (619) 457-0750. FAX (619) 
457-0798. Circle No. 460 


80C51-based card for STD bus. The 
MSI-C851 CMOS STD card, based on 
the 80C51FA controller, aims at embed- 
ded applications. It provides numerous 
memory and I/O functions and includes 


| Power tools 


_ d-c single quadrant power 
90-1000 Watts 
voltage/current stabilization 

| UC Conventional/fast-programmable, 

| selectable (1 Analog & digitally programmable 

| (J Precision stabilization: 0.001% source, 

| 0.002% load (1 Optional digital displays 

Kepco Group ATE Power Supplies 
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64 kbytes of PROM and 128 kbytes of 
static RAM. Low-power idle and a 
power-down mode decrease power con- 
sumption. The card operates at 12 MHz 
and requires a single 5V supply. $316 
(100). Microcomputer Systems Ine, 
1814 Ryder Dr, Baton Rouge, LA 
70808. Phone (504) 769-2154. FAX (504) 
769-2155. Circle No. 461 





Sensor processor for STD bus. The 
Model 7428/29 sensor-processor board 
for the STD bus operates in the tem- 
perature range of — 40 to 85°C. It meas- 
ures any combination of thermocouples, 
voltages, currents, RTDs, and strain 


d-c four quadrant power 
100-400 Watts 
voltage/current stabilization 
[| Analog programmable, bandwidth to 
20KHz _! Digitally programmable, built 


in GPIB or serial controller —] Precision 
Stabilization: 0.001% source, 0.002% load 


Kepco Group BOP Power Supplies 


Sanam 
E \MasterCard meinen SEE OUR PAGES IN VOLUME D bell] 


Kepco, Inc., 131-38 Sanford Avenue, Flushing, NY 11352 USA e Tel: (718) 461-7000 e Fax: (718) 767-1102 @ Easylink (TWX): 710-582-2631 _ { 
Eastern Region: 131-38 Sanford Avenue, Flushing, NY 11352 USA e Tel: (718) 461-7000 e Fax: (718) 767-1102 © Easylink (TWX): 710-582-2631 


Western Region: 800 West Airport Freeway, Suite 320 LB 6018, Irving, TX 75062 USA e Tel: (214) 579-7746 e Fax: (214) 579-4608 
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and pressure gauges. Low power con- 
sumption (typically less than 3W) suits 
it for battery operation. $1075. Sen- 
soray, 15800 Upper Boones Ferry Rd, 
Suite 150, Lake Oswego, OR 97035. 
Phone (503) 684-8005. FAX (503) 684- 
8164. Circle No. 462 


8-port fax board. The 8-port Docu- 
ment Director PC fax board occupies a 
single PC/AT slot and works with OS/2 
and Unix operating systems. As many 
as six boards can go in one computer; 
throughput ranges from 2400 bps to 
14.4 kbps. $974 to $1374 per port. OAZ 
Communications Inc, 44920 Osgood 
Rd, Fremont, CA 94539. Phone (510) 
226-0171. FAX (510) 226-7079. 

Circle No. 463 


Process-control-board computer. 
The MP-11 single-board computer, based 
on the 68HCI11F1, aims at process- 
control applications. The 4.5 x5.5-in. 
board operates at 16 MHz and includes 
power and ground planes to minimize 
noise. An expansion connector allows 
use of an optional A/D and D/A daugh- 


d-c single quadrant power — 
100-1000 Watts : 
voltage stabilization 
(J Analog programmable 
L_] Precision stabilization: 
0.0005% source, 0.005% load 
Kepco Group JQE Power Supplies 
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CUSTOMERS ARE GIVING US THE SII a 


oa 


is all we hear. Okay, 

with one exception. Bill in Des 

Moines. He went through his new 

3 order sooner than 

expected and started 

yelling about getting 
more. Fast. 

Noise like that we can 
easily quiet. Seiko Instruments 
has the broadest line of ther- 
mal printer mechanisms and 
stand-alone printers in the 
industry. Also the fastest. 
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AS USUAL. 


The highest f 
resolution and ° 
the most quiet. 
Not to mention 
the world’s smallest. 

We even have dedicated 
interface boards and thermal 
paper. Everything is ready for 
immediate delivery, anywhere. 
=; ,» Many quantity from 








_ Norequest is 
_too large or small. 
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—1to 10,000 or more. 








We work with Fortune 500 
companies as well as Bill 
in Des Moines. Over 100 
national service represen- 

tatives and distributors are 
phone call close. “3 
Seiko Instruments. ae 00 
Quality products. abate 
Reliable service. 
Enough said. * 

















Seiko Instruments 


Seiko Instruments USA Inc 

Electronic Components Division 

2990 West Lomita Blvd., Torrance, CA 90505 
Phone (810) 517-7787 Fax (310) 517-7792 
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ter board. Unpopulated bare board, 
$100; assembled and tested board, $300. 
Allen Systems, 2346 Brandon Rd, 
Columbus, OH 43221. Phone (614) 488- 
7122. Circle No. 464 





Embedded control-board computer. 
The Blue Jay single-board computer for 
embedded control has a built-in sound 
port that can play back speech and 
sounds. Measuring 5 x 7.5 x 0.6 in., the 
board consumes 1.5W of power. It has 
an 80C188 processor and includes an ar- 
ray of memory, communications, and 
user-interface features. From $395. 
Bagotronix, 1019 Crossing Brook Way, 
Tallahassee, FL 32311. Phone (904) 942- 
7905. Circle No. 465 


VGA-compatible LCD module. The 
640 x 480 EG9013 LCD module is among 
the smallest available, measuring 
124.6 x 194.8x8 mm. It’s also suitable 
for use with an edge light, further con- 
tributing to a thin profile. It has a dot 
pitch of 0.20 x 0.20 mm and dot size of 
0.17 0.17 mm. Its formulated nematic 
(FTN) technology achieves high con- 
trast. Evaluation kit, $595. Epson 
America Inc, 20770 Madrona Ave, Tor- 
rance, CA 90503. Phone (810) 787-6300. 

Circle No. 466 


Graphics controller. The Harlequin 
16-bit ISA bus graphics-controller card 
provides a TIGA interface to work with 
Windows, CAD, DTP, and multimedia 
applications. The card contains a 2- 
Mbyte video RAM and outputs in true 
color at 640 x480- or 800 x 600-pixel 
resolution, or in 256 colors at 1280 x 
1024-pixel resolution. Based on a 40- 
MHz TMS34020 processor, the card ac- 
commodates a 1- or 4-Mbyte dynamic 
RAM for TIGA support. The card 
works with PAL and NTSC modes, and 
a Windows 3.1 software utility provides 
x8 zoom factor. £1195. Datapath Ltd, 
Alfreton Rd, Derby DE2 4AD, UK. 
Phone 332-294441. FAX 332-290667. 
Circle No. 467 





000 DC/DC MODELS 
OFF THE SHELF 
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~ Our 600 standard "Off The 
| Shelf" DC/DC converters 
provide the performance, 
package style and price 
seq COMbination that will fit your 
i application needs. 
























fam Available modules range in 
s#=- power from 0.5 to 60 Watts. 
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. Unit features include ultra- 


earn 






ce res) | 
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: input/outputisolation as high | 
m@ as 5kV Pk-Pk, low profile | 









CDI's stringent reliability 
screening is applied to all 
models, with 100% of 
production subjected to 72 
hours of burn-in. The converter 
input power and output load 
are cycled Low/High for the 
entire burn-in time. 


, CDlis based in Brockton, MA. 
Our staff is available to 
iprovide you with the 
support, delivery and cost 
savings that you require in 
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en It Comes To Power Conversion Technology, 
CDI Is The Obvious Call To Make! 





EXCELLENCE IN POWER CONVERSION TECHNOLOGY 


15 Jonathan Drive » Brockton, MA 02401 « Tel.(508) 559-0880 « Fax(508) 559-9288 
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A 4X Improvement 
In High Density PLDs. 





















3. Predictable Delay. 
With many FPGAs it’s im- 
possible to predict performance 


To achieve a 4X 
improvement in high-density 
design, Lattice now offers all 
four members of both the pLS!” until after the design is complete, 
and the ispLS!™ families of high- 
performance, High-Density PLDs. The 
oLS! 1016, 1024, 1032, and 1048 are now 


available along with their in-system 


making the design process long and 
frustrating. 

Our pLSI architecture, on the other 
hand, provides fixed and highly predictable 
programmable versions in the ispLSI family. delays. You know up front that pLSI and 

The four family members span a density 
range from 2,000 to 8,000 PLD gates and 
provide a 4X improvement over the competition: 
1. World’s Highest Performance. The pLs| 
and ispLS! families combine the performance and 
ease of use of PLDs with the density and flexibility 
of FPGAs. With up to 90 MHz system speeds and 
a maximum pin-to-pin delay of 12 ns, they are the 
fastest High-Density PLDs in the world. Period. 

2. E-CMOS® Technology. pls! and ispLS! 
devices are backed by Lattice’s superior E’CMOS 


isoLSI devices will meet your system 
performance requirements. 

4, In-System Programmahility (isp). The 
isoLS! members of our family can all be program- 
med in-system using 5-volt TTL levels, and are 

completely compatible with their pLSI counter- 

parts. In fact, ispoLS! devices are the world’s only 
programmable logic devices offering non-volatile, 
in-system reconfigurability. 

So go ahead and choose the family that offers 

a 4X improvement in High-Density PLDs. Call us 
today at 1-800-327-8425 and ask for information 


packet #210. 
Lattice 


L LSI Leader in E7CMOS PLDs. 
fl isoLsi 
and iSMLol. 
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process—the technology of choice for program- 
mable logic. E-CMOS enables us to 100% test 
every device and give you the highest quality 
available. Not to mention high-speed program- 





ming, 100% programming yields and instant 
reprogrammability. 





E’CMOS is a registered trademark of Lattice Semiconductor Corpo: 
pLS| and ispLS! are trademarks of Lattice Semiconductor Corpo 




















SW DC-DC converter. The NMX SO 
5W de/de converters deliver single or 
dual outputs of 5, 12, or 15V. Input volt- 
age is 5, 12, 24, or 48V. Models include 
d00V isolation, 0.5% line and load regu- 
lation, and current foldback short- 
circuit protection. Dimensions are 
40x23x9 mm. Single-output con- 
verter, £20.91; dual-output converter, 
£22.90 (100). Newport Components, 4 
Tanners Dr, Blakelands North, Milton 
Keynes MK14 5NA, UK. Phone (908) 
615232. FAX (908) 617545. Circle No. 468 


Battery pack. The C-LIFE CMOS 
backup battery has a useful life that 
exceeds 10 years. The unit contains a 
NiCd power pack and a special charging 
circuit tailored to the battery’s charac- 
teristics. The unit derives power from 
a disk-drive power-output cable. Nomi- 
nal output voltage is 4.25V. $25. Clovis 
Point, 215 Main St, Rochester, VT 
05767. Phone (802) 767-9292. 

Circle No. 469 


N+ 1-redundancy switcher. You can 
parallel up the outputs of six PK60-R 
60W switching-mode power supplies to 
achieve n+1 redundancy operation. 
Single output is either 5V/12A, 12V/5A, 
15V/4A, or 24V/2.5A. The switchers op- 
erate on 110 to 240V ac supplies. The 
switchers include output-diode protec- 
tion to prevent reverse driving and 
open-collector outputs for unit isolation 
in the event of failure. 3U high module 
with 5-year warranty, £177 (50). BICC- 
Vero Electronics, Flanders Rd, Hedge 
End, Southampton SO3 3LG, UK. 
Phone (489) 780078. FAX (703) 264159. 

Circle No. 470 


80486-processor cooling fan. You 
can mount this fan/heat-sink assembly 
directly onto an already socketed 486 
chip using an integral stainless-steel 
saddle clip. The fan requires a 12V, 80- 
mA supply and runs at 5000 rpm. As 
an example, the assembly reduces the 
case temperature of a 25-MHz processor 
from 76 to 35°C. The fan has a minimum 
life of 30,000 hours. Overall size is 
44x 44x 20.5 mm. £7.25(100). Brook- 
side Technologies, Blairfordel, Kelty 
KY4 OHW, UK. Phone (388) 831528. 
FAX (388) 830192. Circle No. 471 


Interface converter. Model 2020 lets 
a synchronous RS-232C host or terminal 
communicate with a DSU/CSU (data 
storage unit/circuit switching unit) in- 
corporating a V.35 interface. It sup- 
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ports data rates of 200 kbps, communi- 
cates either full or half duplex, and is 
protocol independent. The device oper- 
ates in either a DTE-to-DCE (Data Ter- 
mination Equipment/Data Communica- 
tions Equipment) or DCE-to-DTE 
mode. The unit has a male or female 
DS-25 connector on the RS-232C end 
and a male or female M/34 connector 
on the V.85 side. $295. Patton Elec- 
tronics Co, 7958 Cessna Ave, Gaithers- 
burg, MD 20879. Phone (801) 975-1000. 
FAX (801) 869-9293. Circle No. 472 


73 kV AND 1000 WATTS... 
AND ONLY 30 POUNDS! 


telephone (908) 534-9007. Also Glassman Europe, in the UK call (0256) 810808 
and in Asia, Glassman Japan (044) 877-4546. 
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5-volt performance. 3-volt operation. 


Higher performance with lower 
power consumption. That's what 
designers need for tomorrow's 
high-end products. And that’s pre- 
cisely what you get from NEC’s 


new 0.5 micron gate array families. 


Our CMOS-8L and 8LCX families 
give you 3V-operation to reduce 
power consumption, resolve heat 
and noise problems, and lower 
packaging costs. Far from sacrific- 
ing performance to achieve these 
benefits, they also offer a wide 
range of high-end features for 


For fast answers, Call us at: 
Tel:040-445-845. Fax:040-444-580. 

Tel:1-504-2787. Fax:1-504-2860. 
Fax:01-6794081, Tel:886-9318. Fax:886-9022. 
Tel:253-8311. Fax:250-3583. 
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Tel:1-800-632-3531. Fax:1-800-729-9288. 

Tel:08-753-6020. Fax:08-755-3506. 
Tel:02-6709108. Fax:02-66981329. 
Tel:02-719-2377. Fax:02-719-5951. 
Tel:03-8878012. Fax:03-8878014. 


portable products, workstations, 
and multiprocessing enterprise 
systems. 

Our new gate arrays give you a 
loaded speed of 270 picoseconds, 
high integration with up to 627K 
raw gates, and low power dissipa- 
tion of 2.7uW/MHz/cell. 
CMOS-8LCX incorporates Cross- 
Check’s test-scan technology. 
Other premium-performance fea- 
tures include: 

C1 Compiled ROM/RAM with Built- 
in Self Test (BIST). 


Tel:0908-691133. Fax:0908-6 70290. 


Tel:03-3454-1111. Fax:03-3798-6059. 
CIRCLE NO. 127 


Tel:0211-650302. Fax:0211-6503490. 
Tel:1-3067-5800. Fax:1-3946-3663. 

Tel:01-6794200. 

Tel:02-551-0450. Fax:02-551-0451. 





C1 PLL and high-speed, reduced- 
voltage, swing I/O interface. 
C1 Combination TAB/QFP packaging 
01 5V interface. 
LI SCAN and JTAG test alternatives. 
[C1 OpenCAD Design System suppor 
CrossCheck: registered trademark of CrossCheck Technology ! 
NEC’s CMOS-8L and 8LCX gate 
array families provide a competi- 
tive edge in tomorrow’s markets 
by reducing power consumption 
without sacrificing performance. 
For more information on our high- 
end 3-volt ASICs, call NEC today. 
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Counters. The Mini-Counter Series of- 
fers a choice of battery-operated rate 
meters, totalizers, quadrature meters, 
and a combination rate-meter/totalizer. 
All units are housed in a compact DIN 
size NEMA-4X enclosure. The units 
feature a 0.43-in.-high LCD readout and 
are easy to use. Setup and scaling is 
easily accomplished via the two front- 
panel pushbuttons. From $59. Newport 
Electronics Inc, 2229 S Yale St, Santa 
Ana, CA 92704. Phone (800) 639-7678; 
(714) 540-4914. Circle No. 473 


2.5V micropower reference. The 
LM4431 bandgap reference outputs 
2.5V +2% with a typical TC of 30 
ppm/°C at 25°C. The reference operates 
with drive current from 100 pA to 15 
mA, and over 0 to 70°C ambient tem- 
perature range. Long-term stability is 
typically 120 ppm for 1000 hours at 
25°C. SOT-23 package, $0.55 (1000). Na- 
tional Semiconductor, Raiffeisen- 
strasse 10, D-8016 Feldkirchen, Ger- 
many. FAX (89) 9033902. Circle No. 474 


Electrolytic capacitor. Designed for 
switching power-supply applications, 
the Type TRS radial electrolytic capaci- 
tor operates over a —55 to +105°C 
range. Voltage ratings range from 6.3 
to 63V, and capacitance tolerance 
equals + 20%. Maximum dissipation fac- 
tors range from 0.09 tan 8 at 68V to 
0.24 tan 8 at 6.3V. From $0.08 (1000). 
Delivery, stock to 10 weeks ARO. Te- 
cate Industries Inc, Box 711509, San- 
tee, CA 92072. Phone (619) 270-8707. 
FAX (619) 448-4811. Circle No. 475 


Resistor chip. The TNPW1206 uses a 
specially developed protective coating 
to prevent electrolytic corrosion of the 
resistor’s nickel-chromium element. 
The unit spans a 49.9© to 500-kO resis- 
tance range and has a + 25 ppm/°C stan- 
dard temperature coefficient (+10 ppm/ 
°C available). Resistance tolerance 
equals +0.1%. $0.52 (1000). Delivery, 
eight weeks ARO. Dale Electronics 
Inc, Box 609, Columbus NE 68602. 
Phone (402) 371-0080. FAX (402) 644- 
2406. Circle No. 476 


Inductors. D7C and D7F Series induc- 
tors are designed for dc/dc-converter 
and dc/ac-inverter applications. Within 
both lines, the D73 measures 3.2 mm 
high; the D75 is 4.8 mm high. The units 
are available in shielded and unshielded 
versions. Inductance values are 1 to 100 
wH for the 7C units and 1 to 470 pH 
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for 7F units. Current-handling capabil- 
ity ranges from 3A for 1-~H units to 
0.5A for 100-~H devices. From $0.66 
(1000). Toko America Inc, 1250 Fee- 
hanville Dr, Mt Prospect, IL 60056. 
Phone (708) 297-0070. Circle No. 477 


Switching transistors. The MPSH10, 
MPSH81, and MPS3640 are housed in 
TO-92 packages. The PMBTH1O0, 
PMBTH81, and PMBT3640 are housed 
in SOT23 cases. The MPSH10/81 and 


VORTEX” Concentrates I/O 


tor top 'C40) performance 


Harness the awesome power of 


 TTs TMS320C40 digital signal pro- 
cessor to your AT’ or compatible com- 
puter —the Vortex system board from 
ASPI is all you need! 
The Vortex is particularly well-suited 
for prototyping and implementing multi- 
processor configurations. The six C40 
communication ports allow direct processor- 
to-processor communication; almost any 
number of Vortex Boards can be linked 
quickly and easily by just plugging 
them together. 


Besides the main’ TMS320C40 proces- 


sor, a Vortex Board has a TI’ TMS320C31 
floating-point processor. The ’C31 can be 
used with the ’C40 for I/O processing or 
filtering, or for entirely separate functions. 
This gives the Vortex a total floating-point 
capacity of 83 MFLOPS. 
The Vortex will accommodate up to 2 Mbytes 
of SRAM, and works with 


ASPI’s daughter boards — 
"including a 64 Mbyte DRAM 
boatal digital audio interface and general 


A-D/D-A systems. 
Ask today for full details on this 
remarkable new DSP system. 


VORTEX 





é Atlanta Signal Processors, Inc. ¢ 770 Gans Street 
CUYU Atlanta, GA 30308 USA 
(404) 892-7265 ¢ FAX: (404) 892-2512 


WORLD LEADERS IN DSP DESIGN TOOLS 





CIRCLE NO. 101 





EDN-NEW PRODUCTS 





PMBTH10/81 are complementary npn/ 
pnp types. They have a 600-MHz fr, 
0.65- and 0.85-pF max collector-base 


feedback capacitance for the npn and - 


pnp types, respectively, and collector- 
base time constants of 9 psec. The 3640 
units are pnp types that have a 1.5-GHz 
fp and 20-nsec switching speeds. 
PMBTH81, $0.09 (10,000). Delivery, 
four to eight weeks ARO. Philips Com- 
ponents, 2001 W Blue Heron Blvd, 
Riviera Beach, FL 33404. Phone (800) 
447-3762; (407) 881-3308. Circe No. 478 





Meet the Hottest New Idea in IC Heat Sinks... 
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™ 
PENGUIN COOLERS 


High-efficiency, direct-mounting heat sinks for 
Intel, AMD, and Motorola microprocessors and chip sets 


They’re here now ... . a family of inno- 
vative heat sinks offering a new level of per- 
formance, economy, and convenience to 
makers and users of high performance 
integrated circuits. 


@ EG&G Wakefield’s SpiderClip™ heat sink 
and one-piece clip assemblies, designed 
originally for Intel’s 80486DX and 
80486DX2™ microprocessors, are now 
also available for high-speed Motorola 
68040 and AMD microprocessors, 
Intel cache controllers, ASICs, and 
math coprocessors. Removable, re- 
usable, ideal for upgradeable micro- 
processors. Available for 17x17, 18x18, 
and 19x19 PGAs. 


@ For use with 17x17 PGAs in AMP 
sockets, EG&G Penguin Coolers also 
include the 629 SocketClip™ 
series for upgradeable microproc- 
essors such as the Intel 80486DX2. 
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@ Adhesive-attached heat sinks for PGAs and 
QFPs offer outstanding heat dissipation for 
maximum device performance, reliability. 
Extremely flat mounting surfaces eliminate 
use of thermal compounds. 


@ EG&G Wakefield Deltem™ composite 
heat sinks for attachment to PQFPs, 
PLCCs, and CQFPs provide unbeatably low 
cost, efficient thermal performance for 
surface-mounted IC packages. 


PENGUIN COOLERS - 
A BROAD FAMILY 


... for today’s high-performance micro- 
processors (including Intel’s next- 
generation Pentium™ microprocessor), 
microcontrollers, cache RAM, and 
ASICs. Available now from factory and 
distributor stock! 

Call or FAX today for complete 
data and samples. 





gy GsG WAKEFIELD ENGINEERING 


60 AUDUBON ROAD, WAKEFIELD, MA 01880 ¢ TEL: (617) 245-5900 © FAX: (617) 246-0874 


Western Regional Sales Office: 395 Java Drive, Sunnyvale, CA 94089 Tel: 408/745-7392 FAX: 408-745-7514 
80486DX2 and Pentium are trademarks of Intel Corporation. 


DC/DC converters. Available in fixed 
5V, fixed 12V, and adjustable-voltage 
versions, the LT1109A is a simple step- 
up converter that draws 320 pA at no 
load. The LT1109A-12 device delivers 
12V at 140 mA max from a 5V input. 
The LT1109A-5 develops a 5V/150-mA 
output from a 2V input. All units fea- 
ture a logic-controlled shutdown pin 
that turns the internal oscillator off 
when the pin goes low. $2.45 (100). De- 
livery, stock to 60 days ARO. Linear 
Technology Corp, 1630 McCarthy 
Blvd, Milpitas, CA 95035. Phone (408) 
432-1900. FAX (408) 434-0507. 
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Rotary switches. Type 02 switches 
meet MIL-S-3786/35 requirements. The 
units are available in 1-pole/12-position 
or 2-pole/6-position versions. The de- 
vices operate over a —40 to +185°F 
temperature range. They have a 20-mQ 
contact resistance and a switch life of 
25,000 cycles. The hermetically sealed 
contacts feature an 80-yin. gold plating. 
The units are available with solder lugs 
for panel mounting or tabs for pe-board 
mounting. From $8.99 (100). Elma 
Electronic Inc, 44350 Grimmer Blvd, 
Fremont, CA 94538. Phone (510) 656- 
3400. FAX (510) 656-3783. Circle No. 480 


Power dividers. The SDL Series of 
2-, 3-, and 4-way power dividers in- 
cludes models that cover a frequency 
range of 2 to 1000 MHz. The devices 
feature a 0.7-dB typ insertion loss. Ad- 
ditional specifications include an ampli- 
tude unbalance of 0.4 dB, typical phase 
unbalance of 3°, and isolation of 18, 20, 
and 25 dB between the 4-way, 3-way, 
and 2-way outputs, respectively. The 
units are housed in a package measuring 
0.31 X 0.31 X 0.2: in., $17.98 to, $35.95. 
Synergy Microwave Corp, 463 McLean 
Blvd, Paterson, NJ 07504. Phone (201) 
881-8800. FAX (201) 881-8361. 
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DC/DC converters. PJ Series convert- 
ers develop a 340W output in a package 
measuring 2x 4.25x0.5 in.—80 W/in’*. 
The devices operate with a 155V input 
and provide outputs of 2.6, 3.3, 5, 12, 
15, 24, or 28V. Operating range spans 
—55 to +85°C. The units feature re- 
mote sense, external trim, remote shut- 
down, and overvoltage and current- 
limit protection. $573 (100). Delivery, 
8 to 10 weeks ARO. Powercube Corp, 
8 Suburban Park Dr, Billerica, MA 
01821. Phone (508) 667-9500. FAX (508) 
667-6280. Circle No. 482. 
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Proto Express says it all! 






We deliver the best value in quick turn printed 
circuit board prototypes in the world. 





How do we know this? 
Simple. 
Our customers tell us so! 





We openly advertise our prices in major design and appropriate 
electronics magazines, such as: Electronic Engineering Times, R&D, 
Network World, Computer Design, Military & Aerospace, Circuit News, 
PC Design, and EDN, etc. We do this because: 


* We don’t change our prices from customer to customer or from day to 
day because you are just as important to us as IBM, EG&G, Fujitsu & 


Line interface. The CH1827 is a Data 
Access Arrangement (DAA) that con- 
forms to FCC Part 68. It contains all 
the traditional DAA functions and 





works with VFast or V.382bis modems Lockheed. 
and 14.4-kbaud fax and audio applica- ¢ We want you to know your options immediately, that buying 2 boards 
tions. In addition to isolation, the unit | vs. 10 boards saves you up to 70% and below 15 sq.” you may pay 
features on/off hook control, 2- to 4-wire as littles as $212 to get 2 boards. When 2 is all you need why buy more. 
conversion, ring detect, and surge pro- * We know that even if the competition meets our prices, they can never 
tection. $15 (OEM qty). Cermetek Mi- touch our service. 
croelectronics Inc, 1308 Borregas Ave, * We know that in addition to our best prices, delivery and quality, our 
Sunnyvale, CA 94089. Phone (408) 752- customers get the valuable design inspection and design assistance 
5000. FAX (408) 752-5004. Circle No. 483 poe ny cot. , 

Our customers tell us we are the best in the world 

and we believe it! 

DC/DC converters. Series 1000WFR See our ad in Product Mart 
10W converters accept inputs of 9 to Call KEN BAHL 
72V and develop outputs of 5, 9, 12, 15, 1108 West Evelyn Avenue * Sunnyvale, CA 94086 
+12, or +15V. All models include con- TEL. (408) 735-7137 + FAX (408) 735-1408 
tinuous short-circuit protection with CIRCLE NO. 103 


automatic restart and an input pi filter. 
Key specifications include 500V de isola- 
tion, 84% efficiency, output accuracy of 
+1%, and a —25 to +71°C operating 
range. $45 to $48.30 (100). Conversion 
Devices Inc, 15 Jonathan Dr, Brockton, 
MA 02401. Phone (508) 559-0880. FAX 
(508) 559-9288. Circle No. 484 


DC/DC converters. The units in this 
line of single-output 15W converters 
have a 30-mV p-p output noise. The con- 
verters accept 48V inputs and output 
5V (Model 4885.3000TC), 12V (Model 
48812.1250TC), or 15V (Model 
48815.1000TC). Operating range spans 
—40 to +90°C. All units feature tran- 
sient/ESD overvoltage protection on 
the input and output. Overcurrent and 
overtemperature protection are also 
standard. $84.53 (100). Calex Mfg Co 
Inc, 2401 Stanwell Dr, Concord, CA 
94520. Phone (800) 542-3355; (510) 687- 
4411. FAX (510) 687-3333. Circle No. 485 


Prototyping adapter. Model ANC- 
9044 allows you to wire-wrap proto- 
types that use plastic-leaded-chip- 
carrier, LCC, or PGA components. The 
adapters occupy 3 in.” of board space 
and provide test points for each of the 
44 pins. Adapter pins are on 0.3-in. cen- 
tered rows to accommodate a variety 
of prototyping boards. The adapters 
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Arte Satisfaction 


‘st 800-648-6423 FAX (513) 252-9703 
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Voice Products Division 


LANIER RESPONDS 


Lanier Information Center 
P.O. Box 785 
Dayton, Ohio 45401 


@ HARRIS 


First c 
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How can we Say that about rotary potentiometers? 

Because these are the world’s first rotary potentiometers with a single 
integrated main bearing. 

In Novotechnik’s new generation of conductive-plastic potentiometers 
the inner bearing race is an integral part of the shaft, giving improved 
mechanical characteristics and performance: 


@ linearities up to + .02% (servo size 20) through + .07% (size 9) 
@ resolution better than .01° 
@® max. operational speed 10,000 rpm, accelerations to 100g 


A molded terminal board is used instead of individual terminals, result- 
ing in greater reliability: more than 100 x 10° operations @ —55 to +100°C, 
5 to 2000HZ vibration. 

Choose from four standard servo sizes: 9, 11 (regular and low-torque), 
13, and 20. For Novotechnik’s full line catalog of potentiometers, sensors 
and transducers, call or write: 


Novotechnik U.S. Inc. 
novoiech nik Transducers 
Siedle Group 237 Cedar Hill Street 


Marlborough, MA 01752 
Telephone: (508) 485-22 44 


CIRCLE NO. 106 Fax: (508) 485-2430 
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feature two LED status circuits that 
provide a visual indication of user- 
selected signals. $36. Antona Corp, 
1643'2 Westwood Blvd, West Los An- 
geles, CA 90024. Phone (310) 473-8995. 
FAX (810) 473-7112. Circle No. 486 





Rectifier assemblies. Series 100G sili- 
con rectifiers are available with peak 
reverse voltage (PRV) ratings of 8000 
to 40,000V. Average forward current 
equals 100 mA, and recovery time meas- 
ures 250 nsec. Housing for the units 
measures 1 to 8 in. long, 0.3 to 0.4 in. 
wide, and 0.5 to 0.75 in. high. $10.25 
(100) for a unit with a 20,000V PRV. 
HV Component Associates Inc, Box 
2484, Farmingdale, NJ 07727. Phone 
(908) 938-4499. FAX (908) 938-4451. 
Circle No. 487 


Pushbutton switches. All models in 
the SP Series are totally sealed against 
the entry of harmful contaminants. The 
line includes spdt and dpdt versions. 
The snap-action switch mechanism pro- 
vides tactile response and features a 
60,000-cycle electrical life. Various pc- 
board models have contact current rat- 
ings ranging from dry circuit to 1A at 
125V ac. $2.95 (1000) for a typical sin- 
gle-pole model. MORS/ASC, Box 544, 
Wakefield, MA 01880. Phone (617) 246- 
1007. FAX (617) 245-4531. Circle No. 488 


Power modules. The MHW804 Series 
modules operate over an 806- to 940- 
MHz frequency range. Both modules in 
the line operate from a 7.5V supply, 
have a 50Q input/output impedance, 
and develop a 4W output from a 1-mW 
input. The MHW804-1 unit operates 
over an 800- to 870-MHz range, and the 
MHW804-2 version covers the 896- to 
940-MHz range. MHW804-1, $50.82; 
MHW804-2, $52.36 (1-399). Motorola 
Inc, 5005 E McDowell Rd, Phoenix, AZ 
85008. Phone (602) 244-3818. FAX (602) 
244-4597. Circle No. 489 
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Tool for FPGA design and program- 
ming. ALS (Action Logic System) 2.2 
adds incremental place and route and 
an option for interactive placement to 
the capabilities of previous versions. 
The added features let you hand-opti- 
mize a design after using the tool’s auto- 
matic place-and-route feature. This re- 
lease also works with Mentor Graphics 
8.2 and OrCAD 4.1 in addition to CAE 
tools from Viewlogic, Cadence, and 
Synopsys. For workstation-based de- 
velopment of the maker’s Act 1 and Act 
2 line of FPGAs, $3995. Interactive 
Placement option, $1495. Actel Corp, 
955 E Arques Ave, Sunnyvale, CA 
94086, Phone (408) 739-1010. FAX (408) 
739-1540. Circle No. 418 


tended cyclomatic complexity, lines of 
code, blank lines of code, comment lines 
of code, and average variable name 
length. A Summary report combines 
and extends the previous metrics, and 
an Exception report lists all program 
modules that exceed user-defined met- 
ric thresholds. $3500 for a 3-user li- 
cense. Software Research Inc, 625 
Third St, San Francisco, CA 94107. 
Phone (800) 942-7638; (415) 957-1441 
FAX (415) 957-0780. Circle No. 420 


Tools for analog and digital design. 
Design Center 5.3 adds many features 
to previous versions. Features include 
an interface to the PADS and Protel 
board layout packages; device-tempera- 
ture customizing; histograms; multiple- 
plot windows for waveform analysis; 
hardcopy enhancements; tracking and 
display of simulator-generated condi- 
tion messages; editing of model defini- 
tions in the schematic capture program 
to support Monte Carlo analysis; and a 


NEW HIGH SPEED FIBER-OPTIC } 


NETWORK 
AT THE SP 
OF LIGHT 


The New VMIVME-5578 is a High Performance, 
High Speed, Easy to Use Multidrop VME-to-VME 





RS-232C data-acquisition software. 
Softwarewedge reads data from any 
RS-232C device directly into any PC 
application. The DOS version is a 5K 
TSR that captures serial data and trans- 
fers it to a foreground program in real 
time as if it were typed in on the key- 
board. The software allows full control 
over RS-232C input, including data 
parsing and filtering, date and time 
stamping, keystroke macro insertion, 
autoprompting and 2-way serial I/O. 
The MS-Windows version has all of the 
features of the DOS version, plus DDE 
capability. $199. TAL Enterprises, 
2022 Wallace St, Philadelphia, PA 
19130. Phone (800) 722-6004; (215) 763- 
2620. FAX (215) 763-9711. 

Circle No. 419 


Static code analyzer for Ada, C+ +, 
and Fortran. Metric computes the Soft- 
ware Science and Cyclomatic Complex- 
ty series of metrics for code in Ada, 
5/C ++, and Fortran on workstations 
rom HP, IBM, Sun, and 386/486 PCs 
cunning Unix. The tool generates re- 
ports that include total and unique op- 
arators and operands, length vs pre- 
licted length, purity ratio, volume, ef- 
ort, cyclomatic complexity and ex- 





Fiber Optic Network that Provides Fast 
and Efficient Sharing of Data Across 
Distributed Computer Systems. 


NAW I@RSVANVINVANY, [eerore Ao 
Reflective Memory 

Interface allows data to 

be shared between up To 256 


independent systems (nodes) at rates up to 
26.1 Mbytes/sec. The Reflective Memory also 
allows interrupts to one or more nodes by writing 


to a byte register. The 

WAIN IeroleP Aol (21016) [Com ale 
fallike||y4elirolamelalicscmiairois1e] lis 
are being used. 


26.7 MIBYTE/SEC FIBER OPTIC NETWORK 


People & Products that Ouf-Perform 
VME 


VME Microsystems 
Teitcigar-1(e)gt-1M@velgslele-tilels 


1-800-322-3616 


mnoac 
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VME Microsystems International Corporation ¢ 12090 South Memorial Parkway ¢ Huntsville, AL 35803-3308 
(205) 880-0444 « FAX (205) 882-0859 
VMIC products are internationally represented by distributors throughout the world. 
Call or fax VMIC for complete information. 
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PCB Design with TangoPRt 


The § ky "S| the 


All new TangoPRO, a premier line of PCB design tools developed for the engineering professional. 
Workstation-caliber performance and productivity on the PC plus Microsoft Windows’ ease-of-use. 
TangoPRO integrates advanced PCB layout; fast, high-completion autorouting; and component 






library management. An outstanding tool for use on both digital and analog board designs. 


= Copper pour with backoff and “plowed” tracks 
= Rotation of items down to .1 degree 
m Pad stacks, blind/buried vias and curved tracks 


manufacturable results 
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‘Breeze Through Difficult PCB Designs with Powerful TangoPRO 


TangoPRO gives maximum flexibility, while making complex functions easy to use. TangoPRO highlights include: 
= 32-bit architecture for optimum accuracy and performance plus unlimited components per design 
= Sub-micron database with uniform and non-uniform grids down to .0001 inch or .01 mm 


= A world-class autorouter with unique “rip-up and reconstruct” algorithm for fast, 100% completion and 


See How TangoPRO Can 
Start Working for You 


Serious about printed circuit boards? TangoPRO 
provides solutions to your most complex design 
challenges. TangoPRO helps you create more polishe 
and professional designs faster and easier than any 
other PCB tool set. 


You'll see an immediate payback on your investment. 
And every Tango® product ships with the quality, 
service and support that have made ACCEL 
Technologies a leader in electronic design. 


Find out for yourself why Tango is the fastest growing 
name in EDA. Call for a personal sales presentation 
or full-function evaluation package. TangoPRO for 
Windows or Tango for DOS — your choice for 

EDA solutions. 


800 488-0680 for FREE E\ 
ACCEL Technologies, Inc. 

6825 Flanders Drive 

San Diego, CA 92121-2986 
619/554-1000 

619/554-1019 Fax 


Charter [JAC 
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Member Electronic Design Automation Companies 
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version that runs on the HP700 work- 
station. Including schematic capture 
(for MS-Windows on the PC), from 
$8200; for Sun Openwindows on work- 
stations, $15,900. Microsim Corp, 20 
Fairbanks, Irvine, CA 92718. Phone 
(800) 245-3022; (714) 770-3022. FAX 
(714) 455-0554. Circle No. 421 


Timing software for AMD 29K and 
Cypress PLDs. Interactive Data Books 
is interactive-timing-analysis software 
that initially covers the AMD 29K fam- 
ily of RISC (reduced-instruction-set- 
computer) microprocessors and PLDs 
from Cypress Semiconductor. The soft- 
ware contains both electronically read- 
able timing data and complete electroni- 
cally manipulable timing diagrams for 
specific devices. You view the diagrams 
with an included tool called Tim- 
ingviewer, which is a read-only version 
of the makers’ interactive-timing-analy- 
sis software. You can also use the tim- 
ing data with most spreadsheet soft- 
ware. $49 each for AMD 29K and Cy- 
press PLDs. Chronology Corp, 2721 
152nd Ave NE, Redmond, WA 98052. 
Phone (206) 869-4227. FAX (206) 869- 
A229. Circle No. 422 


Neural networks on Lotus 1-2-3. 
The @BRAIN Neural Network Devel- 
opment System lets you embed neural 
networks in Lotus 1-2-3 spreadsheets. 
The system is both mathematically and 
numerically stable, converges to a solu- 
tion quadratically, and requires no 
learning parameters. The system in- 
cludes data entry using a dialog box, 
automatic detection of CPU type and 
automatic network configuration, a vir- 
tual memory manager that handles 
large networks, and an unlimited num- 
ber of networks per spreadsheet. The 
system should be available for Microsoft 
Excel by the end of this quarter. $495. 
Talon Development Corp, Box 11069, 
Milwaukee, WI 58211. Phone (414) 962- 
7246. Circle No. 423 


Virtual instrument software for PCs 
and SPARCstations. Labview is a gen- 
eral-purpose programming tool with ex- 
tensive libraries for data acquisition, in- 
strument control, data analysis, and 
data presentation. Originally designed 
for Macintosh, with this release the 
software also runs on PCs and 
SPARCstations. The software includes 
a library of ready-to-use controls, 
graphs, and strip charts and tools to 
build block diagrams as executable pro- 








swith Texas Instruments, the tender i in 


~ Coupled with this powerful 


Other names are trademarks of their respective manufacturers. 
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grams. The software also includes icon 
libraries and drivers for 100 IEEE-488, 
VXI, and RS-282C instruments using 
the\ maker’s interface hardware, as well 
as analysis virtual instrument libraries 
for performing data analysis ranging 
from statistics to digital signal process- 
ing. PC version, $1995; SPARC ver- 
sion, $3995. National Instruments, 
6504 Bridge Point Pkwy, Austin, TX 
78730. Phone (800) 433-3488; (512) 794- 
0100. FAX (512) 794-8411. Circle No. 424 


(DSP)'=Quad CAC 


Any Way You Figure, Mizar’s 
DSP Engine Is The Solution. 


_ or on nary woke our rrof data acquisition and | 
/O products. 


1-800- 635- 0200 


MIZAR 


- Your Source for Solutions 
2410 Luna Road 
Carrollton, TX 75006 
(214) 2/(-4600 (214) 271-4666 FAX ~ 





DSP technology, to bring this TI-_ 
designed product to the ey and — 
commercial markets. 

The high throughput of the” 
Quad ’C40 DSP Engine is achieved by 
four TI TMS320C40 DSP chips — 
interconnnected on a single VME 
card for a total of 200 MegaFLOPS. 





architecture is a wealth of software 
tools like SPOX, C, OS/9, VxWorks 


Mizar is a registered trademark of Mizar Digital Systems, Inc. 
©1993 Mizar Digital Systems, Inc. 
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Assembler development tools for 
80x86. MASM (Microsoft Macro Assem- 
bler Professional Development System) 
6.1 gives you instruction timings; a 
broader selection of high-level direc- 
tives; documentation on programming 
for Windows; improved code compatibil- 
ity with MASM 5.1; ability to target 
Windows NT, DOS, and MS-Windows; 
remote debugging; C++ debugging; 
and a faster edit/assemble/link cycle. 
Documentation runs to 1500 pages in 


CAE & Software Development Tools 


both on-line and print form. $199. 
Microsoft Corp, 1 Microsoft Way, Red- 
mond, WA 98052. Phone (206) 882-8080. 
FAX (206) 936-7329. TLX 160520. 

Circle No. 425 


Real-time metrics on pSOS. The 
RTOS Measurement Tool lets users see 
real-time views of operating system be- 
havior in embedded systems. Used with 
the HP64700 series emulators and HP’s 


Low and high pass filters 
for real signals 


The SR640, SR645 and SR650 ~ 


specifications, preamplifie 
and programmability at a pl 
than other instruments. Feat 
independent 8-pole, 6-zero e 
with less than 0.1 dB p-p pas: 
and 115 dB/octave rolloff, the 
ideal for general purpost 
processing as well as 
digital signal p 
- theGPI6 


‘Via computer. The microprocessor 


offer unique combinations of ter 


rfaces allow 
trument settings 










3 digit oo 
_ resolution 
_ 0.1 dB passband ripple 
- 115 dB/octave rollc off 
_ 80 dB stopband — 
_ attenuation 2 
: - ioe eigen is 


components are optically isolated from the 
filter sections to provide oe noise 








performance. 
Whether your needs are 
benchtop filters or signal 
filters in data acquisition 
SR640, SR645 and SR6:! 
choices. 





Stanford Research Systems — 
1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408) 744-9040 FAX 4087449049 
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graphical debugger, this tool shows sys- 
tem activity flow, software timing pro- 
files and dynamic memory usage, in ad- 
dition to measurements that isolate 
software defects. Runs on HP 9000 and 
Sun SPARCstations and targets Mo- 
torola 68000 series processors. From 
$2500. Integrated Systems Inc, 3260 
Jay St, Santa Clara, CA 95054. Phone 
(408) 980-1500. FAX (408) 980-0400. 
Circle No. 426 


Electron Density Function 


Charting tools for C/C+ +. Windows 
Charting Tools is a collection of general- 
purpose graphics and user-interface 
routines that solve most common chart- 
ing problems. The software works with 
Microsoft C/C++ and Borland C+ + 
under MS-Windows 3.1. Structured as 
a library of C functions, the software 
produces presentation-quality output 
on devices ranging from dot-matrix 
through laser printers to typesetting 
equipment. For the PC, from $400. 
Quinn-Curtis, 35 Highland Circle, 
Needham, MA 02194. Phone (617) 449- 
6155. FAX (617) 449-6109. Circle No. 427 


Signal-processing library for C+ +. 
The Signal+ + signal-processing li- 
brary lets you simulate, test, and gener- 
ate signal-processing algorithms using 
C++. The library gives you discrete- 
time signal and noise simulations, digi- 
tal signal processing, digital and analog 
filter designs, time-domain correlations, 
filtering, and FFTs. The library in- 
cludes an interface to user-written pro- 
grams. Available for most PC C++ 
compilers and for several memory mod- 
els, including some DOS extenders. 
From $99. Sigsoft, 15865 Lofty Trail 
Dr, San Diego, CA 92127. Phone (619) 
673-0745. Circle No. 428 


Automated testing for NT. Testrun- 
ner for NT is a nonintrusive, automated 
software-testing tool that records op- 
erator input, then replays it, comparing 
performance with a stored file of ex- 
pected results. The tool synchronizes it- 
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self to the state of the software under 
test by watching for system outputs 
rather than using time-based scripts. 
Also available for OS/2, DOS, MS- 
Windows, and Macintosh. From 
$30,000/seat. Mercury Interactive 
Corp, 3333 Octavius Dr, Santa Clara, 
CA 95054. Phone (408) 987-0100. FAX 
(408) 982-0149. Circle No. 429 


Check plots for pc-board layout. 
Veriplot reads Gerber data files that 
come from almost all autorouting tools 
and outputs Postscript files. This lets 
you quickly and inexpensively produce 
accurate check plots from laser or color 
printers and final artwork from laser- 
photoplotters or phototypesetters. The 
software can also produce output in 
EPSF format for use with technical 
publishing packages such as Aldus 
Pagemaker, Ventura Publisher, Word- 
Perfect, or MS Word. The software pro- 
duces plots that are identical to the Ger- 
ber plot, dependent only on the resolu- 
tion and accuracy of the output device. 
The average plot takes less than a min- 
ute to produce. Available with 24, 120, 
600, and 1000 apertures. From $335. 
Waterloo Intelligent Technologies, 
279 Weber St N, Waterloo, ON N2J 
3H8, Canada. Phone (519) 884-4356. 
FAX (519) 884-0315. Circle No. 430 


Logic emulation for IC designs. The 
Mars III MP Series emulates single- and 
multiple-IC designs with densities to 
more than 100,000 gates per chip. The 
system software includes a design com- 
piler and a Hierarchical Partition Plan- 
ner (HPP). The compiler gives timing- 
guaranteed mapping of designs to the 
emulation hardware. The HPP auto- 
matically partitions designs larger than 
100,000 gates. Hardware includes a 
stand-alone, 100,000-gate Logic Block 
Module, a System Integration Module 
for extending gate capacity beyond 
100,000 gates, and a stand-alone logic 
analyzer for debugging designs. A 
100,000-gate configuration, $195,000. 
Larger sizes available. Pie Design Sys- 
tems Inc, 757 N Mary Ave, Sunnyvale, 
CA 94086. Phone (408) 738-8899. FAX 
(408) 738-8853. Circle No. 431 


Mathematics software for MS-Win- 
dows. Macsyma for Windows is a sym- 
bolic-numerical math tool set that in- 
cludes enhanced scientific graphics and 
near-typeset-quality math display. The 
software lets you make parametric plots 
of 3-D objects with control of color, 






For unparalleled service in the device program- 
mer industry.... 
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by calling 1-800-225-2102 for information on 
cutting edge programmers with lifetime free 
software updates. 







PLILI LS Ld 
BPhicrosystems 


CIRCLE NO. 111 
Zenith’s ZPS-45 


BIG 45 watt 
universal input 
power supply in a 
small 3” x 5” size 


Who said big things don‘t come in small packages? The ZPS-45 with universal 
input gives you increased power density in a miniature 3” x 5” footprint — with no 
minimum load requirements. 


Available for new systems design and replacement, the triple output ZPS-45 
automatically operates from any continuous AC voltage between 90 and 265 
VAC or DC voltage between 120-364 VDC. Choose the ZPS-45 with + 5V output, in 
either the + 12V or the + 15V version, open-frame or enclosed configuration. It’s 
designed to meet rigid international safety and EMI standards: UL, CSA, IEC and 
VDE/B. And it’s backed by a one year warranty from Zenith — a leading 
worldwide OEM —_—— a. with over 70 years of electronics a ei Se 


2nd | 2nd Output 


Moximum |___Main Output 

Output i Renin a = 
Zenith Power Amps DC Amps Amps 
Model (Watts) os rage (Nominal) cos Re pois 
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At Zenith, the quality goes in before the name goes on!® 
For more information call: 


4-800-827-8720 
kkk kk kkk 


Inquire about the ZPS-30 — our 30 watt 
triple output 3”x 5” power supply. 





EMITH | magnetics 


4000 Milwaukee Avenue 
Glenview, IL 60025-2493 
Fax: (708) 391-7078 


U.S. and International Stocking Distributors 
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Drive your DSP design 
all the way home. 























~ error-free simulation 
program. One that lets 


Why complicate your travel 
plans? Zip along the entire DSP 


design route with SPW™— the you perform accurate 
Signal Processing design, prototyping 
WorkSystem” from Mt 4A, | and analysis. One 
Comdisco. LAO ttj CA that confirms that 
A | you're headed in the 
SPW is the only DSP and right direction. 


communications design soft- 
ware tool that’s complete and 
integrated. The only one that can 
take you all the way from idea to 
implementation. No matter where 
you're headed. No matter which road — 
you take. And it’s fast. It has all the 
horsepower you need to cut design — 

time by as much as 90 percent. - 


And, to assure that your 

way is free from bumps, 

potholes, and those awtul “dead 

end” signs, SPW comes with the indus- 

try’s widest range of implementation 

_ options. Options that generate code for 

~ floating- and fixed-point DSP chips as 

well as DSP systems with multiple 

_ processors. Options for bit-true fixed- 
point simulation that automatically 

~ generate VHDL and provide seamless 

- links to the leading logic synthesis 

_ tools. Options that pave the way to fast 

FPGA and ASIC production. 


First, SPW helps you choose your _ 
destination. You can quickly draw trom 
its extensive libraries of reusable — 
function blocks. And you can take ~ 
advatage of SPW’s open architecture _ 

to incorporate your own models. 

So, how about a test drive? Call us at 
415-574-5800. And learn how SPW can 
put you in the fast lane to market. 


After this, SPW automatically 
transforms your design into an 


C@MDUCO" 
SYSTEMS,INC 
U.S.: Telephone 1-415-574-5800, Fax 1-415-358-3601 Europe: Telephone 44-454-614256, Fax 44-454-614700 
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lighting, rotation, translation, zoom, 
and other features, as well as obtain 
inside views of plotted objects with re- 
alistic perspective. The product in- 
cludes 1500 hypertext command de- 
scriptions, 600 executable demonstra- 
tions that you can launch from hy- 
pertext, 400 command templates and 50 
mathematical topic menus. The soft- 
ware also includes trigonometric simpli- 
fication, integration, solution of ordi- 
nary differential equations and linear al- 
gebra, as well as facilities for generat- 
ing programs in Fortran and C. $349. 
Macsyma Ine, 20 Academy St, Arling- 
ton, MA 02174. Phone (617) 646-4550. 
Circle No. 432 


Gate-array design kit for DEC Al- 
pha. IX Gate Array Kit lets you design 
GaAs ASICs using Digital Equipment 
Corp’s 64-bit Alpha AXP RISC (re- 
duced-instruction-set-computer) sys- 
tem. The FX Series consists of five gate 
arrays ranging from 20,000 to 350,000 
raw gates. The kit includes macrocell 
libraries and software tools required to 
design, simulate, and analyze a circuit. 
You can use it for schematic capture 
and simulation with tools from Viewlo- 
gic, Cadence, or Mentor. The kit also 
includes tools for performance calcula- 
tions, design rule checks, front- and 
back-annotated wire length, RC delay 
estimates, macrocell preplacement, and 
test-vector analysis. No charge for us- 
ers who design ASICs targeted at the 
process. Vitesse Semiconductor Inc, 
741 Calle Plano, Camarillo, CA 93012. 
Phone (805) 388-3700. Circle No. 433 


Automated VHDL data-sheet gen- 
eration. The HumEDS module for the 
Hum Design System generates elec- 
tronic data sheets for digital designs cre- 
ated in VHDL. The module uses the pro- 
posed EJA-567 EDS standard. When you 
enter data directly into screen tables 
without writing any code, the module 
automatically generates all the required 
files in IEEE-1076-compatible format, in- 
cluding a complete timing model that’s 
pin-to-pin compatible with the function- 
al core design model. The module also 
includes all VHDL timing parameters, 
such as setup, hold, and propagation de- 
lay, for all operating points. It is a stan- 
dard module in the Hum Design Sys- 
tem. All current Hum users under war- 
ranty and maintenance contract will re- 
ceive the module upon request without 
charge. Lewis Systems Inc, 1915 Pe- 
ters Rd, Suite 113, Irving, TX 75061. 
Phone (214) 438-2177. Circle No. 389 









When deciding which programmer will support 
you during the next decade.... 
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... and call 1-800-225-2102 for information on 


cutting edge programmers that remain affordable. 
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Get TV reception you never had before, with our... 


ELECTRONIC 
ANTENNA 


only > A 98. 


- orget the rabbit ears, loops, rods—even the dish 
A antenna. The best way to get a clear, stable picture 
y without cablehook-upisour electronicAntenna Multiplier™ 
) TV stations thatpreviously appeared only asflickers orstaticare 
now bright and clear. Programs are no longer haunted by ‘‘ghosting”’ 
or annoying shadows. Inside the plastic housing, is the technical array of 
. Micro-circuitry componentsthat enhances your TV reception, plusit improves 
AM/FM radio reception and brings in new stations on multiband or shortwave 
receivers. In most areas you will be able to do away with your outdoor antenna 
entirely (limited by atmospheric or geographic constraints)! 

The Antenna Multiplier™ is easy to install and needs no outside power 
source. (Size: 3%¢’ diameter x 5” D.) Simply connect the antenna’s terminals 
to the receiving terminals of your TV, radio, or stereo and place nearby. Tap 
into the full power of your television with the Antenna Multiplier™ 
Order NOW! 366-700-064012 Antenna Multiplier™ $29.95 Each Free Shipping & 





The Antenna 
Multiplier™ uses 
microcircuitry to 


significantly boost | Handling. 
UHF, VHF, Television : 
and AM, FM &Short- Please give order number and ) 


quantities desired. Ifyouprefer, mail 
check or Visa, MasterCard, Diners 
Club, or DiscoverCard account num- 
ber andexpiration. We need daytime phone number for all orders 
and issuing bank for charge orders. Add sales tax for IL delivery. 

You have a 30-day return privilege and a one-year replacement 
warranty. 


wave radio reception. 
3%6” diameter x 7 D. 





INC. 
230 W. Superior Street, Chicago, IL 60610 


PARTNERS 


@ ORDER TOLLFREE 1 (800) 621-9342 ¢ MON-FRISam-5pmCST & 
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SMT interconnect design kit. This 
collection of SMT reference materials 
helps design engineers convert their 
boards from through-hole to surface- 
mount interconnects. A video tape and 
a handbook demonstrate how to design 
surface-mount interconnects. They 
cover design for insulators, contacts, 
leads, and terminals. The handbook and 
video also discuss specifications and tol- 
erances for materials and construction, 


quality, process control, and manufac- 
turability, as well as an overview of spe- 
cific interconnects. The Sudden Solu- 
tion Guide provides specifications for 
individual surface-mount interconnects. 
Samtec Inc, Box 1147, New Albany, 
IN 47151. Phone (800) 726-8329; (812) 
944-6733. Circle No. 414 


Brochure on rubber-sheet key- 
board. The 2-pg color brochure de- 
scribes the G83-3000 keyboard featuring 
membrane switch contacts with a single 
rubber sheet. According to the brochure, 
the 101-key keyboard is compatible with 
the IBM PC/AT and PS/2 computers. 
Cherry Electrical Products, 3600 Sun- 
set Ave, Waukegan, IL 60087. Phone 
(708) 360-3599. Circle No. 415 


Three app notes on motion control. 
AN-230, Circuit Applications of the 
AD2890 Resolver-to-Digital Converter 
explains the flexibility of the AD2S90 
12-bit monolithic resolver-to-digital con- 
verter (RDC). It demonstrates how to 
interface the converter’s absolute serial 
output to standard parallel buses and 
EIA-485 balanced, serial communica- 


tions receivers. AN-234, Digital Re- 
solver Integration describes the inte- 
gration of the AD2S90 RDC and sup- 
port circuitry onto a size 11 resolver 
to produce a virtual digital resolver—a 
resolver with digital position output as 
well as a Quad B encoder-emulated out- 
put. AN-236, Speed Measurement and 
Control with the AD2S83, a “Silicon 
Tachogenerator” describes implemen- 
tation of the AD2S83 RDC to provide 
accurate velocity output with improved 
performance and greater reliability 
than a discrete tachogenerator. Analog 
Devices Inc, 181 Ballardvale St, 
Wilmington, MA 01887. Phone (617) 
937-1428. Circle No. 416 


Catalog of EMI shielding products. 
This 156-pg book is divided into nine 
tabulated product sections. It covers a 
line of conductive materials, including 
knitted wire mesh, metal fibers, 
screens, oriented wires in elastomers, 
shielding windows, and several other 
shielding products. The catalog also 
highlights the products that are shipped 
within 24 hours. Tecknit, 129 Dermody 
St, Cranford, NJ 07016. Phone (908) 
272-5500. Circle No. 417 





























*Available in four models — 150W (30A), 300W (60A), 600W (120A) and 1000W (200A). 








@KIKUSU 





GERMANY TGS-TELONIK GMBH. TEL 02203-61055-7 
UNITED KINGDOM TELONIC INSTRUMENTS LTD. TEL (0734) 786911 
ITALY FEDERAL TRADE S.p.A. TEL (02) 21-34-034/5 
SWITZERLAND ROTORONIC AG TEL (01) 8381111 
SPAIN TEMPEL S.A. TEL 338.61.54 
PORTUGAL ELECTROLAB-EQUIPMENTS TEL (01) 8595995 


ELECTRONICOS, LDA. 
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_ Country code: 81 


THE NETHERLANDS C.N. ROOD B.V. 
BELGIUM 
SWEDEN 
FINLAND 
DENMARK 
NORWAY 
GREECE 
FRANCE 
FRANCE 


No load’s too tough for the new 
KIKUSUI Programmable Electronic Load. 


Discharge test any battery with the constant power feature. 


-KIKUSUI ELECTRONICS CORPORATION 


- 1175, 3-chome, Shinmaruko-higashi, Nakahara-ku, Kawasaki-City, Kanagawa Pref., 211, Japan 
Tix: 3842678 KECJPN J Fax: (044) 433-3966 


Tel: (044) 411-0111 


TEL (070) 3996360 
C.N. ROOD S.A./NV. TEL (02) 466-8199 
FERNER ELEKTRONIK AB. TEL (0) 8-580 189 90 
NORES OY TEL (90) 520-311 
INSTRUTEK-PERIFERI A/S TEL (75) 61-1100 
TORMATIC A/S TEL (034) 25-011 
M.J.PRINIOTAKIS S.A. TEL 7227-719 
ELEXODIS TEL (1) 69.30.28.80 
AK ELECTRONIQUE TEL 1-45.75.53.53 
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FRANCE 
TURKEY 


AUSTRIA 
BULGARIA 
CZECHOSLOVAKIA ELSINCO PRAHA S.R.O. 


HUNGARY 
POLAND 





KIKUSUI PLZ-3W Series Programmable 
Electronic Loads have all the basic func- 
tions — plus a constant power mode that 
optimizes them for lifetime testing. They’re 
optimized for sophisticated use in other ways, 
too: A sequence function allows simulation at 
settings extremely close to actual loads. They 
operate at high speed (up to 100us). Perform 
pulse discharge through pulsed-load opera- 
tion. And use “LabWindows® ” (Versions 1.2 
and 2.0), menu-driven computer software 
with a dialogue format for easy operation. All 
models come with a KIKUSUI-developed 
_ bus for multi-channel applications. And 
. when used with the optional remote con- 
~~ troller and keypad, they allow direct numeric 
entry of all settings. For more information, 
contact KIKUSUI at the office nearest you. 


EQUIPEMENTS SCIENTIFIQUES S.A. TEL ( 47959940 
BURC ELECTRONICS & TEL (4) 4462091 
MACHINERY IND. AND TRADE CORP. 
ELSINCO GES. m.b.H. 

ELSINCO SOFIA 


TEL (222) 812 17 51 

TEL (2) 581 698 

TEL (2) 4702 ext. 451, 453 
TEL (7) 784 165 

TEL (1) 112 4854 

TEL (22) 33 54 54 


ELSINCO BRATISLAVA S.R.O. 
ELSINCO BUDAPEST KFT 
P.U.H., INTERLAB 









Ts ocversing fornew and curent products 


Please circle Reader Service number — | 
“for additional information from manufacturers. 
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Commercial & Milspec 













wa 6hfsi“<t«‘éPOCLYYIMMIVDZOE:s« & FRG 
Ls 1 to 5 DAY TURN 
S 1 to 12 Layers 


PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES FOR FR4 .062 Th. 








10,050A | 10V 100 ps- 10ns | 
no | ov. Tae 400 ps - 10 ns | 
[03008 | 45 V0 ps_| tins - 100 ns 
OTHER GENERATORS AND 
_ ADDITIONAL PRODUCTS ALSO AVAILABLE 
Demo Video Tapes Available « ¢ Call For A Coon a, 


— P.O. Box 44 
- PULSE LABS. Inc Boulder, CO 
U.S.A. 80306 


: | 
m Phone: an) 443-1 249 Fax: G0) 4 4a7- 223 236 
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@ Rental and 10-day trials available. 

@ Full Source-level Debugger wicomplete C-variable 
support. 

@ Supports virtually all members of the 8051, 68HC11, 

68HC16 and 68300 families. 


CALL OR WRITE FOR FREE DEMO DISK! 


51 E. Campbell Avenue | Call 408-378-2912 
noHaU Campbell, CA 95008 
FAX (408) 378-7869 


Nohau’s 24-hour 
CORPORATION (408) 866-1820 












m5 PIECES x 1.34 I 5 DAY PRICES ABOVE 
a 10 PIECES x 1.67 Mi ULLISTED ; 


EXTRAS DISCOUNTS 


1 Photo Plotting 
I Testing © 
I Gold Contacts - $50 


1 25% — Below 8 Mil/.020 cop @ CREDIT CARD 
I] SMOBC & LPI - $50 SALES 


FOR Hebedibor INFORMATION CALL OR FAX 


- Ken Bahl 
— 1108 W. Evelyn Ave., Sunnyvale, CA 94086 Z 
one (408) 735-71 37 FAX (408) 735-1408 Modem (408) 735-9842 
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MICROCONTROLLERS 


© C Programmable 






















































information center to 
receive info via your FAX 
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UNIVERSAL PROGRAMMER, EMULATOR & TESTER 
TUP-400 $745.00 WeW 






























EPROM EMULATION. SYSTEM 
* Data Acquisition TUP-300 $575.00 ho 
: Control / Test 3 @ New improved hardware and Flexible — : 
software. 
2 ‘Excellent Support @ The most complete PC-based : 
* From $159 Qty 1 et one ee En co 
° New Keyboard MACH. .) PROM (up to 16 Mbit), You Can Get : 
Flash EPROM, BPROM, Speci a 
Display Modules (B7XX, BXX, 28, PSDIOT,PICIBXX, TMSSZOEXX, : Today! — 





UPD75PXXX, HD637XXX.. .). 


@ Covers DIP, PLCC, QFP, SOP, and PGA with 8 to 84 pins. Gang _ : 
Programming adapters available also. 


@ EPROM EMULATION capability. 

@ Tests digital ICs and DRAMs (SIMM/SIP adapter svaiiable). 
@ Free software updates and new devices added upon request. 
@ IC Manufacturers’ approval. 

@ 1 year warranty, 30 day money back guarantee. 






























Use our Little Giant™ and Tiny Giant™ miniature control- 
lers to computerize your product, plant or test department. 
Features built-in power supply, digital I/O to 48+ lines, 
serial I/O (RS232 / RS485), A/D converters to 20 bits, 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, up to 8 X 40 
LCD with graphics, and more! Our $195 interactive Dy- 
namic C™ makes serious software development easy. 


= : Emulates up tos = . s Accauts Intel Hex, Sa 
_ 4-Megabit EPROMS | _ MotorolaS-Record — [| 
_ through one standard = = andBinaryfiles. 3 
aenn Pat mw Software available 
Downloads a Megabit for IBM PC and © 
_ programs in less than - ae 


ee Base 27256 EPROM ree 
and modity individual configurations available. + 


SiN PAOLIATE 

























Supports Motorola 







SO OL 


You’ re ay, one oe call away a a total solution. and PIC MICROS, CALL TODAY bytes or blocks. 
WSI PSD 3XX, MAX FOR MORE INFORMATION. 
and MACH. Distributors are welcome! ORDER TODAY--IT’S EASY 








oe World Engineering 

1724 Picasso Ave., Davis, CA 95616 
(916) 757-3737 Fax: (916) 753-5141 
Automatic Fax: (916) 753-0618 
S ero your fax, request catalog #18) 


CALL OR FAX FOR MORE INFORMATION oa 
Incredible Technologies, Inc. _ 


Tribal Microsystems Inc. 
Tribal 44388 S. GRIMMER sit ca CA 94538 se 870-7027 
i'Tell TEL: (510)623-8859 

FAX: (510)623-9925 
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K&M Prediction 
and FMECA Software 


Powertronic Systems offers software 
to predict reliability, maintainability and 
FMECA. Since 1982, hundred of users 
have selected from our large, versatile, 
integrated software family for military 
and industrial equipment,electrical or 
mechanical. Program highlights include: 
visible assembly hierarchy, defaults and 
library data, extensive report sorting, 
user defined reports, what-if and derat- 


5 PP42 - the total solution for Gang/Set 
programming of EPROMs and EEPROMs 


e 8, 16 or 32-bit programming of device sets in 
a single operation (24 to 32 pins) 


© Optional modules for ganging Micros, Masked 
ROM pinout EPROMs, 40-pin DIP/16-bit or 
32-PLCC EPROMs 


® 4 Mbits RAM standard - expandable to 64 M 
® Serial and parallel ports 


ing analysis, and concurrent engineer- 
ing data links. 


5 ‘Stand-alone’ or PC operation 


Stag Microsystems, Inc. SCAG 
MIL-HDBK-217 DTRC-90/010 Tel: (408) 988-1118 Fax: (408) 988-1232 
MIL-HDBK-472 MIL-STD- 1629 : 

MIL-HDBK-338 MIL-STD-756B 


Bellcore NPRD-9 1 


= POWERTRONIC 
OYOTEMS, INC. 


13700 Chef Menteur Hwy. 
New Orleans, LA 70129 
504-254-0383 ¢ FAX 504-254-0393 
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INDUSTRIAL PC SINGLE BOARD COMPUTER 
& BACKPLANE B’D 


For Complex & High Density PLDs 










¢ Full surface mount technology. 

¢ Single board is compatible with IBM and PC bus 
system. And all kind of industrial PC I/O board. 

* 286C-12, 386SXC-16/20, 386DXC-33 

* 486DXC-33, CPU board 

¢ Split backpane board is available. 

¢ 19" rackmount PC enclosure is available. 

¢ Centralized LAN station system (security) 


COMY TECHNOLOGY 
62 Bonaventura Dr. 
San Jose, CA 95134 
Tel. #: California: 408-456-0333 
Nationwide: 800-875-0333 
Fax #: 408-456-0366 
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The most powerful PLD/FPGA CAE 
design software from $495.00 














1-800-331-7766 LOGICAL 


1-305-428-6868 DEVICES, INC. 
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MacABEL 


PLD Design on the Apple Macintosh! 






of anAtoD 
converter 
Ee Data |/O's industry-standard ABEL PLD design package is now 
available on the Macintosh, exclusively from Capilano Computing! 
¢ Use Boolean and integer equations, state machines and truth tables 
to describe your design * Communicates directly with any serial PLD 
programmer « Best device support in the industry, including ALTERA, 
AMD, ATMEL, CYPRESS, GOULD, HARRIS, ICT, INTEL, LATTICE, 
NATIONAL, RICOH, SAMSUNG, SGS, SIGNETICS, SSS, TI, VTI and 
others ¢ Interactive "in-circuit" schematic entry and simulation when 
used with DesignWorks 


Call (800) 444-9064 Today for your free Demonstration Kit! 
Capilano Computing 
FAX: (604) 522-3972 
(604) 522-6200 
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ULLY INTEGRATED, Easy To USE, 
SIMULATION ENVIRONMENT, FRom One VENDOR, FEATURING: 
A powerful SPICE simulator performing AC, DC, and Transient, 
analyses, extensive model libraries, schematic entry, graphical 
| waveform processing. Complete systems start at under $1000. 
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High voltage, bus 
programmable switching at 
competitive prices. 


The NEW Westinghouse High Voltage Matrix 
pee ise 


sys 
isolation : 
e 512 channels fo 
th: 


tes Suen: an unit ‘ier test 


Slash test development time and get your 
»»,,, Products to.market faster. Call today. 


Westinghouse @) 


Westinghouse Electric Corporation 
18901 Euclid Ave., Cleveland, Ohio 44117 
216/692-6992 
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MICROPROCESSOR 


EMULATORS 


Zax provides a comprehensive 
series of real-time emulation sup- 
port for Motorola, Intel, NEC, Zilog, 
and Hitachi microprocessors. Some 
of the highlighted features include 
source-level debug, real-time trace, 
and performance analysis. 


Call now for more information: 


(800) 421-0982 
(714) 474-1170 (Inside CA) 
(714) 474-0159 (Fax) 


ZAXTEK 


42 Corporate Park Irvine, CA 92714 
CIRCLE NO. 241 
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LOWER DRAWER™ 


HOT-PLUGGABLE 
CONNECTORS 





e Hot plug capability 

e Currents to 35 A (70 A bussed) 

e Insertable/removable contacts 

e SMPS compatible 

e Blind mate misalignment to 0.100 
e Off-the-shelf industry standard 

e Solder, crimp & board mount 


El ELCON PO. Box 1885, Fremont, CA 94538 


INTERNATIONAL COMPANY Phone (510) 490-4200 FAX (510) 490-374( 
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FREE 


68HC 16 


Vfl Ulo life) aVa dco) ce)a'ge)iare 


Board 
a $195 value included with our 


EST Series 16 | 68HC16 Family Emulator 


TRACE16 32K Real-Time Trace 
CXDB True C Source Debugger | 


(@xeo}an)e) (=i <-1el eal laat-m sanlel(elivelamelate| 
NYo)jalfo] (=m BI-\V{-\(e) olaal-Jal mye) (Oli (eae || 
Outstanding Prices. We'll Ship Today! 


EST Corp. 


120 Royall St. 
Canton, MA 02021 


(617)828-5588 
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Digital Voice Module 


DM1000LP-1 ($25, EPROM chip extra) 

* Plays natural-sounding pre-digitized voice 

* Playback triggered by contact closures 

* Up to 256 seconds of message (8M-bit EPROM) 
digitized by using our VP880 digitization board 

* Totally self-contained, single-voltage requirement 

* | uA standby current, great for battery operation 

* Built-in 3W power amplifier 

* Many other models available, call for brochure 


ELETECH ELECTRONICS, INC. 
_ 1262 East Katella Avenue, Anaheim, CA 92805 
Tel: 714-385-1707 Fax: 714-385-1708 
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New Schematic and PCB Software 
With support for extended and expanded memo- | 
ry, HIWIRE II can handle your most demanding 
schematic and PCB designs quickly and easily. 
The unique HiWIRE editor allows you to display 
and edit schematics and PCBs simultaneoously, 
using the same commands for each. HiWIRE II is 
$995, and is guaranteed. 


Wintek Corporation 
1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 448-1903 


















CIRCLE NO. 251 






SYNCHRO / RESOLVER MIL-STD-1553 PRODUCTS 
EMBEDDED SYSTEM / REAL TIME DEVELOPMENT 


————_-_} 












- 

















e Six channel Synchro/Resolver Input/Output for 
PC/XT/AT Bus. Card accomodates DDC or Natel con- 
verters for up to 2 VA outputs. Jumper selectable for 
Synchro or Resolver format. 

e MIL-STD-1553 interfaces for PC/XT/AT Bus, Multi- 
bus | and VMEbus. Supports 1553 modes 
BC/RTU/MT. 

e Embedded System/Real Time Product development 
using RMX286, VRTX, VX-WORKS, DOS, ADA, C, 
C++, Windows. 












BBG Incorporated, 
719 Carolina Ave. Va. Beach, VA 23451 
Phone: (804) 425-6615 Fax: (804) 436-1678 
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AT BUS EXPANSION 
THAT REALLY WORKS! 


For 286, 386 and 486-compatible computers 
Hardware and Software Transparent. 

No Address Restrictions. No Initializing Software. 

It Really Works! 


Field-verified zero-wait-state operation up to 12' 
from host with I/O bus rates up to 11MHz! 


9400 Activity Rd. 
San Diego, CA 92126 
VASE elec Me Fy: 619-578-971] 


ToL, FREE(800)326-1649 
CIRCLE NO. 249 
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UNIVERSAL 
PROGRAMMER 





@ Programs PLD (PAL, GAL, FPL, EPDL, PEEL, MAX, 
MACH...) E(E)PROM up to 8Mbit, Flash EPROM, 
BPROM, Micro-controllers (MOT, NSC, Zilog, Hitachi, NEC, 
Microchip, Intel. . .) and 1700 other parts. 


e Tests TTL/CMOS logic ICs & Dynamic/Static Memory. 

e New parts added upon customer request and free up- 
dates on BBS (24 hrs) 

@ Online technical support and hardware warranty for 1 

year. 


ROM MASTER™: $149 
Universal E(E)PROM programmer to 4Mbit 

ROM MASTER/4: $239 

Universal E(E)PROM programmer 4 Gang Version 


AELTEK 


757 N. Pastoria Avenue, Sunnyvale, CA 94086 
TEL (408) 524-1929 FAX (408) 245-7084 BBS (408) 245-7082 
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ADVIN versus DATA I/O 

¢ Data I/O and Model 2900: reputable company, 
dependable equipment, supports 40-pins. Software 
updates: fair amount. 

¢ Advin and PILOT-U40: reputable company, 
dependable equipment, supports 40-pins. Software 
updates: free via electronic BBS. 


ADVIN SYSTEMS INC. 


Smaller Company, Better Service. 
800-627-2456, 408-243-7000, Fax 408-736-2503 
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ESSENTIAL READING 
WHEN YOU NEED A 

HIGH VOLTAGE POWER 
SUPPLY 


Our new shortform 
catalogue contains 
Our range of cus- 
tom and off the 
Shelf standard 
products and 
accessories from 
100V to 300kV 
up to 60kW. 
Standard prod- 

ucts can be 
and we'll deliver modified products 

in about half the time you'd usually expect. 
Call us now on 0384 393737 or fax on 0384 
373511 for your copy. 


Brandenburg 
High Street Stourbridge West Midlands 
DY8 4PG United Kingdom 
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Emcor’s New Catalog Combines 
ESQ and Emcor I Enclosure Lines 






£80 and Emcor! 
eters 


e228 PSG ASE 








Dan 6 


Emcor Products has combined its ESQ and 
Emcor I modular enclosure systems into one 
catalog. This free 72-page, color catalog 
also summarizes new product options, fea- 
tures metric conversions, includes diagrams 
to illustrate the frames and wide range of op- 
tions available, and contains an easy order- 
ing guide. 








Emcor Products, 1600 4th Avenue N.W. 
Rochester, MN 55901; 507- 289-3371; 
FAX: 507-287-3405 
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THE SWER: 48 Channel 50MHz Logic Analyzer 
¢ =*) = TOTAL 


DEVICE 
SUPPORT 





QUESTION: What Level of Support do 
BYTEK MULTITRK® Programmers deliver? 


e E/EPROM, FLASH, Bipolar, PLD, GAL, 
PEEL, IFL Technologies - and more 
Packages: DIP, PLCC, TSOP, PSOP, etc. 
Low or High Volume Programming 

-Gang/Set E/EPROMs to 32 devices 
Gang Motorola Micros (68HCXX) _ 
Rapid Gang/Set Programming Speeds 

i.e. 2 Meg devices: 30 sec. 


FL: 407-994-3520 FAX: 994-3615 
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Complete System $1895.00 


New Windows 3.0 Compatible Software 


¢ 48 Chnnis @ 50 MHz x 4K words deep 

¢ 16 Trigger Words/16Level Trigger Sequence 

¢ Storage and recall of traces/setups to disk 

¢ Disassemblers available for: 68000, 8088, 8086, 
6801, 6811, 280, 8085, 6502, 6809, 6303, 8031 


NCI (1 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 
(205) 837-6667 FAX (205) 837-5221 
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$44995 


Fe ¢ Easy to use software , on-line 
help, full screen editor 

FREE software upgrades 
available via BBS 

Demo SW via BBS 
(EM20DEMO.EXE) 

Made in USA 

Technical Support by phone 
30 day Money Back 
Guarantee 

1 year Warranty 

Fast Programming 
27C010A, 23 seconds 
280020, 34 seconds 
27C040, 95 seconds 
Requires PC with 512K & 
parallel printer port 


Device - rogram 


RELIABILITY PREDICTION 
SOFTWARE 


ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package automates the 
reliability prediction procedure of MIL-HDBK- 
217, or Bellcore, allowing quick and easy 
reliability analysis of electronic products on 
your PC. Say goodbye to tedious, time consum- | 
ing, and error prone manual methods! 


= NEW UPDATE! VERSION 3.1 now available. 
= User friendly: pop-up menus, hypertext help. 
= Very easy to learn and use; quick data entry. 

= Part library for rapid recall of part data. 

= Global editing functions for what-if? trials. 

= Reports which clearly organize results. 

= Save time & money as you design for quality. 
= Try our Demo Package today for $25. 


T-Cubed Systems, 31220 La Baya Drive, 
Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 


ie te 
ABEIN Cara 















































¢ £(e)proms 2716 - 8 megabit, 16 bit 27210-27240, 27C400 & 27C800, 
¢ Flash 28F256-28F020, 29C256-290010 

* Micros 8741A, 42A, 42AH, 48, 49, 48H, 49H, 55, 87051, 87C51FX, 87C751,752 
° GAL, PLD from NS, Lattice, AMD-16V8, 20V8, 22V10 


Ol = MY (@) 5 i = ite] e 1 7 wale), ov... ee 


NEEDHAM’S ELECTRONICS, INC. 


4539 Orange Grove Ave. (91 6) 924-8037 


Sacramento, CA 95841 
(Monday-Friday, 8 am-5 pm PST) BBS (91 6) 972-8042 
FAX (916) 972-9960 





Kin. 
eae Oe C.O.D. 
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6805/68HC05/68HC11 
DEVELOPMENT TOOLS 
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TECI’S Emulators are very affordable yet 
sport many features found only on high- 
er priced systems. Emulators come with 
Cross Assemblers and Symbolic Debug- 
ers. Our Emulators start at $895.00. Hun- 
dreds of customers fell us that the only 
inexpensive thing about our products is 
vite price.Call Today for your free catalog. 


shies A arllleals Simulators, Assemblers,Compilers, 
Primer for beginners ‘also available. 


For Fast Service Call Toll Free 
TEC’ 


1-800-336-8321 


The Engineers Collaborative,inc. 
RT. 3 Box 8C Barton,VT. 05822 USA 
Tel: (802) 525-3458 Fax: (802) 525-3451 
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SMALL PARTS = BIG ADVANTAGE! 


At 4.5mm X 2.5mm X 1.4mm the SEMIFILT line of 
surface mount noise filters won’t take up a lot of board 
space. But our innovative “Disturbed Constant Type” 
design will give you the steep attenuation curves and 
broadband filtering you need. Find out how you can 
take advantage of this step forward in EMI/EMC tech- 
nology. 





_ For literature/samples contact us today at: 


SMI CERAMICS AMERICA, INC. 
2953 BUNKER HILL LANE, SUITE 203 
SANTA CLARA, CA 95054 
ATTN: MR. TYLER COON 
PH. (408) 982-0990 FAX: (408) 982- 0998 
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HIGH DENSITY PRINTED CIRCUIT 
BOARD STACKING CONNECTORS 





The KG Series with 22-90 Low Insertion Force (LIF) con- 


tacts provides .240" and .480" board separations. Each con. 
tact averages | ounce insertion force with 8 milliohm:s 
resistance. Spaced on .100" x .100" centers, these high reli. 
ability hyperboloid contacts provide virtual immunity tc 
shock and vibration. Printed circuit board, solder cup anc 
crimp terminals are available. with Nylon® rated to 105°C 
or Amodel® rated to 125°C. For additional informatior 
contact: HYPERTRONICS CORPORATION, 16 Bren 
Dr., Hudson, MA 01749 (800) 225-9228 (In Mass. 01 
Canada 2S 568- 0451) FAX: (308) 568-0680 — = 
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‘Facts about — 


750,000 


ICs and i et 3 
at Your Fingertips 


Cahners CAPS is the newest component 
search and selection tool for ee 
design engineers: — 


e PC-driven, CD- ROM- feed 

e Includes unabridged manufacturers’. 
technical documentation — 

e Represents more than 600 
_manufactu rers worldwide 


Cal tlle 1-800-245-6696 


275 Washington Street 
== 5 Newton, MA 02158-1630. 
Combater Aided | elephone: 508-692-4148 
Product Selection Facsimile: 508-392- 0603 
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DC/CAD 


introducing. 





ae aie Density R Router ae Le 
(Complete with Schematic & PCB EDITOR) 


Features the following powerful algorithm & pease 


e Rip-up and Retry 

¢ Pre-routing of SMT components 
¢ Real-Time via minimization — 

¢ Real-Time clean up passes 

e User defined strategies 

¢ Window 3.0 capability as DOS Task 
¢ 1-mil Autoplacer and Autoplanning 
¢ Two-way Gerber and DXF 

e Automatic Ground Plane w/ Cross Hatching 

¢ Complete w/ Schematic & Dolly Libraries 

¢ Optional simulation capability & protected mode for 386 u users 


—* PCB LAYOUT SERVICE AT LOW COST* 
LEASE PROGRAM & SITE LICENSE AVAILABLE 









WBDESIGN AN 9 OF 
@{ COMPUTATION Ory 2e7 


1771 State Highway 34, Farmingdale, NJ 07727 
(908) 681-7700 » (908) 681 -8733 (FAX) 


“DCICAD...The focal point of future CAD ) market” 
CIRCLE NO. 262 _ 
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NEW SOCKET 

TECHNOLOGY 

SUPPORTS ALL 
PLCC SIZES! 


Universal PLCC & DIP ZIF Sockets 

Can support over 3,000 PLDs, E/EEPROMs, MICROs 
Up to 104 Programmable Pin Drivers 

Field Upgradable and Gang Module Options 

24-Pin Entry Level Models start at $995 


{ VV \ 
a Nee pale MIGKOS¥STEMS ING 
750 North Pastoria Avenue, Sunnyvale, CA 94086 USA 
Tel: (408) 730-5511 Fax: (408) 730-5521 































Imagine if 
YOUR 
product 
could 


talk! 


To find out how easy 
it is to add speech output 
fo your own products, call for 





your free V8600 data book today! 
_ @ Converts plain ASCII text m Built in uP, serial and 
into high quality speech printer interfaces 
mw Unlimited vocabulary-no ™ Less than $100 in OEM 
| custom recording necessary quantities 
 mReguires only a single 5V ® Customization services 
| supply and speaker available 
 =BE SYSTERES USA/Canada Phone/Fax: (206) 672-6909 


UK/Europe 81 539 0285 Fax: 81 558 8110 
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PCB / Schematic CAD - from $195 


EASY-PC - For single sided and 
multilayer boards to 17"x17" with up to 1500 
IC’s including surface mount parts. 
Phenomenally fast and easy to use. 

Over 13,000 copies sold. Needs PC/XT/ 
286/386, HERC/ CGA/ EGA/ VGA. Output to 
laserjet/inkjet/dot matrix printers, pen- 
plotter, photo-plotter and NC Drill. Extra 
libraries available. Not Copy Protected. 


Logic Simulation - from $195 


SPS mee et] PULSAR - Full featured digital logic 
oS! simulator for the PC/XT/AT/386, EGA/VGA 
allows you to test your designs quickly and 
inexpensively without the need for 
sophisticated test equipment. 

PULSAR includes the 74LS and CMOS 
4000 Series libraries. Other libraries 
available. Not copy protected. 


| 
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Analogue Simulation - from $195 


mmm wins evita | ANALYSER III - NEW powerful Linear 

“| Circuit Simulator has full graphical output. 
Handles R’s,L’s,C’s, Bipolar Transistors, 
FET’s, Op-Amp’s, Tapped Transformers 
and Transmission Lines etc. 
Plots Input and Output Impedances, Gain, 
Phase and Group Delay. Covers 0.001 Hz 
__ | to > 10GHz Not copy protected. 





For info’, write, fax, call or use Inquiry # BRITISH 


Number One Systems Ltd. I es 
EF: EDN, HARDING WAY, ST.IVES, 

4UNTINGDON, CAMBS., ENGLAND, PE17 4WR. 
relephone: 011-44-480-61778 Fax: 011-44-480-494042 
\MEX,VISA and MASTERCARD welcome. 
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SM LAND/SOCKET 


PLUGGABLE SURFACE MOUNT 
The QFP and PLCCSM LAND/SOCKET provides a very 
reliable solution for socketing QFPs or PLCCs in produc- 
tion or ZIF (test/burn-in) patterns. The device is surface 
mounted to the SM LAND/SOCKET which converts the 
QFP or PLCC to a base pin array of the production or 
Z|P QFP socket and can then be soldered to target board 
or socketed using Ironwood's sockets receptacles. This re- 
sults in a reliable connection at a reasonable cost. From $20. 
IRONWOOD ELECTRONICS 
PO. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025 FAX (612) 432-8616 
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User berarfoce 
Features 


= Windowed interface -- 
3 —_—user configurable 
= w FAST! Download -- 
ae <3 sec. typ. at 115KB 
—_ a Source level debug 


m A AK frame trace buffer with advanced searching capabilities. 


m iceMASTER connects easily to your PC, requires no disassembly or expansion slots. 


Works on any PC (DOS or 0S/2), MicroChannel or EISA. Even laptops! 
= Broad support of derivative devices. 
= Rental and 10-day trials available. 
= Now virtual memory and mouse support. 
= Call today for free demo disk and ask about a free 
8051 Macro Assembler! (800) 638-2423 


‘A 
ance! 


= Corporation 


Metalink Corporation P.O. Box 1329 Chandler, Az 85244-1329 
Phone: (602) 9260797 FAX: (602) 926-1198 TELEX: 4998050MTLNK 
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PLD-Ne8 LOGIC 
PROGRAMMER 
9909.00 


Program over 1100 different PLDs including the 
latest architectures from AMD, Cypress, NS 
Qualified by AMD, Lattice, National Semi- 
conductor, Signetics and others 
Supports all MACH devices, all versions of 22V10, 
including the /4 from AMD , -5 & -7 PLDs from 
NS, and Altera 900 & 1800 series EPLDs 

© Only uses the manufacturer approved pro- 
gramming algorithms to ensure accuracy 

© FREE SOFTWARE UPDATES VIA BBS 

© MADE IN THE USA 


rid LS LI LJ 
BP hicrosvstems 
1-800-225-2102 


Houston, Texas 77043-3239 © (713) 461-9430 © (713) 461-7413 
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C COMPILERS 
MACRO CROSS ASSEMBLERS 
HIGH LEVEL SIMULATOR/DEBUGGERS 


Price of C Compiler Includes: Macro Cross 
Assembler, Linker, Librarian, High Level 
Simulator/Debugger and Object Libraries. 


Prices (most versions): 


Macro Cross Assembler — $250.00 
Simulator/Debugger — $250.00 
C Compiler — $650.00 


1 800 843-8144 


One-year money-back guarantee and unlimited 
technical support included in price. 


ZOOADSOFIVIAREING 


109 Brookdale Avenue 
Buena Vista, CO 81211 
(719) 395-8683 Phone (719) 395-8206 Fax 
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Your 
Choice 
for EDA 
Solutions 







for WINDOWS 


@ 
OU)... DOS 
Ge, 


Call for your free, 
full-function demo 


800 488-0680 


ACCEL Technologies, Inc. 
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REMOVE 
HARDWARE LOCKS 


PROTECT YOUR INVESTMENT! 


MAINTAIN PRODUCTIVITY! 
Software utility that allows for 
the removal of hardware locks. 


Available for most major 
CAD/CAM and PCB 
software programs 


Easy - Simple - Guaranteed 
Programs start at $99.00 U.S. 


Visa and Mastercard Welcome 
Call or Fax for more Information 


SafeSoft Systems Inc. 
201-1111 Munroe Ave. 
Winnipeg, Mb. R2K 3Z5 
Canada 


Phone (204) 669-4639 
FAX (204) 668-3566 
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SIEMENS 





If you want to be that decisive bit 
better in automotive electronics, 


you need a steady partner — one 
who moves and can get things 
0 7 moving. A partner who has a firm 
grip on the latest semiconductor 
technologies and — from sensor ICs 


and small-signal semiconductors 


& 
through microcontrollers to intelli- 
gent power semiconductors and 
| multiplex systems — can come up 
= with a range of chips that leaves 


The best address for Siemens Semiconductors: 


CA) Wien Mississauga L5T 1P2 ©) Frankfurt ©) Miinchen CE Madrid @® Hongkong 
Tel. (0222) 71711-5661 Tel. (416) 564-1995 Tel. (069) 797-3815 Tel. (089) 9221-2963 Tel. (01) 5554062 Tel. 5-8330222 
@uS) Melbourne. Vic. 3121 €wW Ziirich @) Hamburg ©) Nurnberg 1 CF) Paris C1) Milano 
Tel. (03) 4207111 Tel. (01) 495-3111 Tel. (040) 2889-2086 Tel. (0911) 654-0 Tel. (1) 49 22-3810 Tel. (02) 6766-42 41 
Bruxelles ©) Berlin ©) Hannover 81 ©) Stuttgart 1 Sunbury on Thames, Bombay 400018 
Tel. (02) 536-2111 Tel. (030) 3993-26 26 Tel. (0511) 877-0 Tel. (0711) 20 76-0 Tel. (0932) 752022 Tel. 49387 86 
Sdo Paulo-SP ©) Diisseldorf 1 ©) Leipzig Ballerup Amaroussio/Athen Dublin 


Tel. (011) 833-2211 Tel. (0211) 399-0 Tel. (03 41) 210-24 22/24 23 Tel. (44) 774477 Tel. (01) 6864-111 Tel. (01) 68 47 27 














16-bit microcontroller 
SAB 80C166 masters 
even che toughest 
realtime demands. 
The system-optimized 
solution: The SIECO 51 
microcontroller with 

its modular concept 
and high-performance 
8-bit CPU. 





Siemens office or write 
Siemens AG, Infoservice HL 9104, 
POB 2348, D-W-8510 Furth. 


nothing out when you are looking 
for advanced systems engineering. 
A partner for whom cooperation 
without ifs and buts is just as 
important as flawless product 
quality and absolute regularity of 
supply. One who is so flexible and 
mobile from the design phase 
onwards that his customers — car 
makers and their suppliers — arrive 
at application-optimized solutions 
speedily and surely. Of course 


using a wide range of design aids, 
like software simulation models for 
system checkout, before the first 
prototype of a chip is committed 
to silicon. 

What better than to stake in Global 
PartnerChip. In the semiconductor 
producer and European market 
leader with whom your targets 
for the 90s are in the right hands 
anywhere in the world. 

Get in touch with your nearest 








Singapore 0513 Gs) Santa Clara 


Tel. (408) 980-4500 


: 


Tel. (03Y 3201-2401 Tel. (02) 5234700 


Toplech 
emiconductors. 
iemens 


Tel. (02) 275-6111 Tel. (01) 1510900 


YY) 
i) 


Tel. (408) 725-7910 


Johannesburg 
Tel. (0.11) 407-4111 
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Tel. {0 70) 3333333 Tel. (08) 7033500 


\ 
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Tel. (201) 906-4300 


Tel: (01) 4183311 





A19100 HL9104e 


Ast lnauon 










ta ELECTRONICS 


\ 23-25 MARCH 1993 NEC BIRMINGHAM, U;-K. 
“SNithe total industry event 





If you’re involved in electronic design, test 
manufacture, make it your business to visit the Uk 
No. 1 electronics event, 23-25 March 1993 


Nepcon Electronics is the showcase for new technolo; 
Full of ideas to improve product quality and boc 
productivity. And as the annual forum for the industry 
offers a unique opportunity to discuss current and fut 
trends with hundreds of leading suppliers. 


Here you can compare the very latest products a 
services on performance and price from EDA, Sen 
Conductors, Components, EMC and Test to ES 
Production, SMT, Contract Manufacture and Training. 


You'll broaden your understanding of key industry iss 
at the Free Seminars, and give your company t 
advantage it needs to compete in a world marketplace. 


For more information phone #44 81 984 7733 or rett 

the coupon. For help with travel/accommodation phc 

#44 823 321300 / Fax #44 823 324100. 

Reale and return to: Nepcon Electronics ’93, P.O. Box. YZ = 
Barking, Essex IGII OSH, UK NN ify rr 

; Yes, I would like Se free tickets (max. 5). 





Nepcon Electronics ‘93 is supported by: * ACEM ¢ AFDEC ¢ BECA ¢ ECIF ¢ EESDA ¢ PCIF e PSMA ¢ SMART Gro 
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Packed with specific design . 
examples of circuits! 


Norman E. Dye and 
Helge O. Granberg, 
Motorola 

Written by two experienced RF 
design engineers, this new book 
discusses the selection of solid state 
devices for specific applications. 
September 1992  288pp._ cloth 
0 7506 90593 $39.95 (£40.00) 


In the U.K. and Europe, order from: 


REED BOOK SERVICES LTD. 
Special Sales Department 
P.O. Box 5, Rushden 
Northants NN10 9YZ U.K. 
To order by phone: 


TEL. 0933 58521 FAX 0933 50284 


Quote "Cahners 11.89" 





Loaded with practical information 


Technical Staff, Gates 
Energy Products 


In order to obtain the best perfor- 
mance from rechargeable batteries, it 
is essential that they be applied cor- 
rectly. This is a comprehensive ref- 
erence on proper selection, specifi- 
cation and application guidelines 
from one of the world's largest sealed- 
cell manufacturers. 

May 1992 290pp._ cloth illus. 
0 7506 92278 $49.95 (£38.50) 


Achieve acceptable EMC performance 
at minimal cost! 


CT 


Tim Williams 

Electromagnetic compatibility is 
becoming increasingly important in the 
design of electronic products. In the 
absence of comprehensive U.S. 
standards, the Europeans are leading the 
way in this field. This book examines the 
European Commission's standards on 
EMC and, most importantly, outlines 
how EMC design principles need to be 
incorporated from the beginning to avoid 
cost and performance penalties. 
October 1992 272 pp cloth 


BUTTERWORTH-HEINEMANN 20 7506 12649 $42.95 (£24.95 paper) 


80 Montvale Ave., Stoneham, MA 021 
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80 In the U.S. 
for more information 
or to place an order, call 


M-F 8:30-4:30 E.T. 


— Fax 617-438-1479 99018 | | 
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COMPUTER ENGINEERS 


ATLANTASTAFF, INC./GE FANUC AUTOMATION 


AtlantaStaff, Inc., is seeking experienced engineers to join in 
the development of the next generation of GE Fanuc industrial 
control products. 


PC Workstation Applications: Experience with C and GUI 
application development for Microsoft Windows, X-Windows/ 
Motif or SUN Open Look. 


Real-Time Embedded Software: Experience with C and Intel 
80x86 Assembly Language, developing system software and 
firmware for high performance contro! products. 


Each position requires a Bachelors or advanced degree in com- 
puter science, computer engineering, or electrical engineering. 


Charlottesville Virginia is an active community nestled in the 
foothills of the Blue Ridge Mountains. Home of the University 
of Virginia, Charlottesville offers a wide variety of educational 
and cultural activities. 


If you are ready to move into factory automation, send or fax 
your resume with cover letter to: 


ASI c/o GE Fanuc 


AdantaSnff, Inc. 
P.O. Box 8106 


Charlottesville, Virginia 22906 
FAX: (804) 978-5102 


ASI Administrator 
AtlantaStaff, Inc. 


($8) FANUC 





AtlantaStaff, Inc. is an Equal Opportunity Employer 
Principals Only Please—No Agency Referrals 


Share The Spirit Of Global Success 


We Are 












The global leader in medical diagnostic imaging — GE 
Medical Systems’ products include MRI, CT, PET, 
X-Ray and Ultrasound. Our people are a part of that 
success. Smart. Proud. Thinkers and Doers working 
with an elite group in the evolution of diagnostic 
imaging systems. 





We Need ELECTRO MAGNETIC 
COMPATIBILITY (EMC) ENGINEER 
Provide technical leadership for the development of 
EMC compliant products. Lead the development of 





ome ATLANTA 


Loral Information Display Systems, a division of 
Loral Corporation (NYSE), designer of digital elec- 
tronic information systems and graphic displays for 
military applications, has the following immediate 
opportunities: 


DIGITAL DESIGN ENGINEER 


BSEE with 3-5 years experience in digital micropro- 
cessor based design of military avionics systems. 
Experience with 680X0, programmable logic and 
1553 bus also required. Graphics background a 
plus. 


ANALOG CRT DISPLAY ENGINEER 


BSEE with 3-7 years experience in color CRT circuit 
design for avionic applications. Experience in video, 
deflection and PLL circuits needed. Experience in 
military avionics a plus. 


MECHANICAL ENGINEER 


BSME with 5-10 years experience in military elec- 
tronic packaging design, analysis and quality test- 
ing. Strong background in chassis design, PWBs, 
CCAs, harness and thermal analysis. Prefer finite 
element experience with ANSYS. 


Loral Information Display Systems is a progressive 
company offering unusual growth opportunities in 
our own office park in NE Atlanta. We provide top 
industry pay and benefits. If interested, please send 
or FAX resume with salary history to: Robert C. 
Hall, Loral Information Display Systems, Dept. 
299, 6765 Peachtree Industrial Blvd., Atlanta, 
GA 30360. FAX (404) 448-9163. EOE, M/F/H/ 
V. U.S. Citizenship required. 


“A DIVISION OF 
LORAL CORPORATION” 


LORAL 


information Display Systems 




























design solutions for EMC problem resolution; Ron i 
participate in the review of EMC designs; lead MIDWEST wach a a a pe EC 
technicians conducting EMC testing; plan and RF/MICROWAVE DESIGN 


schedule EMC test facility activities. B.S./M.S., 5+ YRS, RF CIRCUIT OR RADIO DESIGN TO 3.0 


GH,, AMPLIFIERS, MIXERS, FILTERS, OSCILLATORS, 
HYBRID/MMIC, RF CAE. EXPERTISE REQUIRED. 
DSP—COMMUNICATIONS 
B.S./M.S. 3+ YRS, BASEBAND DSP, MODULATORS. 
DEMODULATORS, PSK, DPSK, QPSK, QAM, TI, ANALOG 
DEVICES, SPREAD SPECTRUM, LINK PROTOCOLS. 
PROGRAMMING—C”, ADA, FORTRAN, DSP ASSEMBLY. 
MULTIPLE OPENINGS, ALL IN GOOD UPPER-MIDWEST 
LOCATIONS. 


Requires: BS/MS Electrical Engineering and 5 plus 
years of EMC design experience in a product 
development environment; familiarity with interna- 
tional EMC regulations; demonstrated analytical, 
trouble-shooting, organization, planning, and 


communication skills. DON GALLAGHER, MSEE, PRES. 
GALLAGHER & ASSOCIATES 
1145 LINN RIDGE RD. 
MOUNT VERNON, IA 52314 
(319) 895-6455 FAX 





HowTo GE's highly competitive salary and benefits befit an 

Reply industry leader. Please send resume in strict confi- 
dence to: Dept. EMC, GE Medical Systems, P.O. Box 
414, W-407, Milwaukee, WI 53201. Replies will be made, 
within 30 days, to candidates of interest only. 


GE Medical Systems 


An Equal Opportunity Employer 


(319) 895-8042 


opportunity 
knocks all 
the time. 


Get a Job! 





EDN™ 





EDN February 4, 1993 = 175 





WITH OMRON SWITGHES, YOUR MOUSE 
CAN NOW EXPEGT 10 RUN FIVE TIMES LONGER. 


When computer mouse manufacturers needed a tiny, yet highly rehable snap action 
switch that could stand up to rough, high-frequency switching, they turned to Omron. 'To 
meet the challenge, Omron developed the model D2F subminiature switch. With its 
remarkably small size and incredible life of 5 million operations, the advanced switch 
really “clicked” with the industry. For advanced switching solutions for the office automation, computer 
peripheral, appliance and consumer electronics industries, Omron provides the performance you 
need in basic switches. Choose standard, micro, miniature and subminiature styles in a wide variety of 
contact configurations, amp ratings, terminal types or actuator styles. With highly automated produc- 


tion and 100% performance testing you get consistently high quality 
with zero defects. And with our OM ROM large local inventones, you get the 
switch you need — fast. So, if you’re e® tired of running around in circles to 


find the right switch, call Omronat WE HAVE THE FUTURE IN GONTROL. 1-800-62-OMRON. 
176 = EDN February 4, 1993 CIRCLE NO. 121 
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Exposition & Symposium 
... featuring the latest Digital Signal 
Processing applications and technology 


October 5 - 7, 1993 





DSP* Exposition and Symposium ... featuring the 
latest Digital Signal Processing applications and 
technology is an event for the commercial/industrial 
DSP applications market. It features state-of-the-art 
DSP technologies, new products and problem-solving 
solutions. 


The Conference offers an Introductory Program, 
Application Workshops, and Technology Sessions 
appropriate to first-time users and sophisticated 
developers. The exposition provides numerous 
examples of the very exciting DSP products and 
applications available. 


We invite you to share your knowledge and experience 
with others in the Digital Signal Processing industry. 
If you would like to make a presentation, please 
submit a 200-300 word abstract describing your case 
history, application of a recent technological break- 
through, or educational information relating to one 
of the topics listed to the right. In your abstract, 
please be sure to include: 


The material you plan to cover 


¢> How you plan to present the material (formal 
paper presentation, tutorial, workshop, panel 
discussion, etc.) 

“+ Give us your alternative methods of presenta- 
tion for your material 

¢ Your professional affiliation and qualifications 
(biography) 

“> The approximate amount of time required for 
your presentation 


Final materials must be prepared and submitted by 
March 15, 1993. Authors will be notified of their 
selection by May 15, 1993. We will require a writ- . 
ten paper, as Proceedings will be printed. : 


SUGGESTED TOPICS: 


¢¢ Chip Architecture 

¢ Signal Analysis 

“¢ Competitive Tools 

“¢ Speech Generation/Recognition 
+¢ Development Cycles for DSP 
“¢ Image/Array Processing 

“* DSP Product Development 

¢¢ Noise/Vibration Control 

“+ System Level DSP Design 

“¢ DSP in Multimedia 

“+ Parallel Processing 

«* DSP in Fax Modems 

¢¢ Spectral Estimation 

“+ Compression 

“¢ Filter Design 

¢¢ DSP in Audio/Acoustics 

“* Basic DSP Algorithms 

¢¢ Voice Compression/Coding 





LEASE SEND MATERIAL TO: 
NORIEN HUTCHINSON, 
CONFERENCE MANAGER, 
REED EXHIBITION COMPANIES, 


999 SUMMER STREET, POST OFFICE 
BOX 3833, STAMFORD, CT 06905-0833. 
TELEPHONE: (203) 352-8337 
FACSIMILE: (203) 352-8228 

TELEX: 649400 CAHEX WU STD 





Selected speakers will have 20 minutes for their 


‘ . ° Produced and managed by the Reed Exhibition Companies. 
presentation, plus time for questions and answers. A:heinher of tke Reed lntehisionsl pam 
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Wise advice! Whether you’re 
bungie jumping or choosing 
fast FPGA’s. 

Look at QuickLogic. You'll find 
the engineers who challenged 
the odds and invented the 
PAL® device. You'll also find 
the World’s fastest, and 
easiest-to-use FPGAs. 


At well over 100 MHz, our 
Data Path benchmark signifi- 
cantly exceeds the wildest claims 
of other vendors. Even with 100% 
automatic place and route. 
And even when up to 100% of 
the device logic cells are used. 


Comtech looked: 
When Comtech Labs, Inc., 
Palo Alto, CA developed the secure 
docking units for AT&T and Motorola 
videophone systems, 
they looked for 
speed of operation 
and ease of design. 


Look to us for the competitive 
spirit that makes QuickLogic 
the FPGA leader for fast 
performance and fast time to 
market. For QUICK response 
call 1-800-842-3742 or fax 
408-987-2012 for our free, 
Very High-Speed FPGA 

data book. 
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2933 Bunker Hill ty 


oe 
QUICKLOGIC Santa Clara, CA 95054 


© 1993 QuickLogic Corporation. Registered trademarks 
are the property of their respective companies. 











The Future is Now 
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The Best You Can Buy For Your Products And Premises 


Since 1976, Belden has worked with some 
of the largest companies in the world to 
help them integrate fiber optic technology 
into their product designs, premise com- 
munications and data transmission net- 
works. 


Today, you can use Belden® fiber optic 
cable as backbone highways for multiple 
LANs; direct connections to workstations, 
mainframes and supercomputers; and as 
ideal interconnects for real-time response 
and graphic intensive systems. 


All Belden® fiber optic cables meet Fiber 
Distributed Data Interface (FDDI) stan- 
dard specifications for high speed 
transmissions...the only fiber network 
standard to progress to industry-wide 
product development and in-stock availa- 
bility. 


af 
COOPER 
Belden 


Quality from Cooper Industries 


Belden® networking cables for FDDI in- 
clude loose and tight buffered cables for 
outdoor and indoor applications. All in- 
door premise cables are NEC rated. 
Connectorized assemblies are also avail- 
able. 


These are the basic fiber optic products in 
our catalog, but if you have an unusual 
application or requirement, you can once 
again count on Belden. Our new 69,000 
square foot Belden Engineering Center 
can help you develop products and sys- 
tems that meet whatever design require- 
ments you might have. 


This state-of-the-art facility is dedicated 
to keeping our OEM customers on the 
leading edge of technology, with product 
sample development, test and analysis, 
process and equipment testing and de- 
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velopment, and compound materials test- 
ing and development. 


So if you've been concerned about who's 
going to help you meet your company's 
future needs for fiber optic products and 
technology, stop worrying and give us a 
call. At Belden the future is now. 


For more information and a free copy of 
our new Fiber Optic Catalog, call: 


1-800-BELDEN-4 


Cooper Industries, 
Belden Division 

P.O. Box 1980 
Richmond, IN 47375 


NEC® is aregistered trademark of the National Fire 
Protection Association, Inc. Quincy, MA. 





